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PREFACE. 


We may regard the Universe in the liglit of a vast 
physical madiine, and our knowledge of it may be 
C(.>nviuiiontly diviiled into two branches. 

The one of these embraces wliat we know regarding 
the structure C)f the machine itself, and the other wliat 
we know I’egarding its method of working. 

It has ap])eared to the author that, in a treatise like 
this, tliese two bi'aiiches <»f knowledge ought as mucli 
as possil)Ie to be studied together, and lie has therefore 
endeavoured to ailopt this course in the following j^ages. 
Me lias regarded a universe composed of atoms with 
Home sort of medium between them as the machine, 
and the laws of energy as the laws of w^orking of this 
machine. 



VI 


PREFACE. 


The fil’st eha])ter embraces what we know 
atoms, and gives also a definition of Energ3^ Tlie various 
forces and energies of nature are thereafter enumerated, 
and the law of Conservation is stated. Then follow the 
various tninsrnutations of Energy', acc(U‘(ling to a list, for 
which the author is indebted to Prof. Tait. The fifth 
chapter gives a short historical sketch of the subject, 
ending with the law of Dissipation ; wliile the si.xth and 
last chapter gives some account of the position of living 
heings in this universe of Energ^^ 
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THE CONSEHVATIOH OE ENEEGY. 


CHAPTER 1. 

WHAT IS ENERGY f 
Our Ignorance of Individuals, 

1 . Vkiiy often we know little or nothing of individuals, 
wliile we yet possess a definite knowledge of the laws 
which regulate communities. 

HHie Registrar-General, for example, will tell us that 
the death-rate in London varies with tlie temperature in 
sucli a manner that a very low temperature is invariably 
accompanied by a very high deatli-rate. But if we ask 
hijn to select some one individual, and explain to us in 
what manner his death was caused by the low tempera- 
tin e, he will, most probably, be unable to do so. 

Again, wc may be quite sure that after a bad harvest 
there will be a large importation of wheat into ihe 
country, while, at the same time, we are quite ignorant 
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of the individual jonnieys of tlio various particles of Hour 
that go to make up a loaf of bread. 

Or yet again, we know that there is a constant carriage 
of air from the pidos to the equatoi-, as shown by the 
trade winds, and yet no man is able to iiidivirlualize 
a particle of this air, and describe its various motions. 

2. Nor is o\ir knowledge of individuals greater in t!ie 
domains of idivsieal science. We know nothing, or no.\:t 
to nothing, of the ultimate structure and proi)erties of 
matter, whether organic or inorganic. 

No doubt there are certain cases where a large numl»er 
of j)articles are linked together, .so as to act as om? 
indivi^lual, and tlien wo can predict its action — as, for 
inslajice, in the solar system, where the [diysical astro- 
nomer is aide to foretell with groat exactness the posi- 
tions of the various planets, or of the moon. And so, in 
human aHairs, we tind a large numljcr of individuals 
acting together as one Jiation, and tlie sagacious stato- 
man taking voiy much the place of tlie sagacious 
astronoiinM', witli iM*gai’d to the action and reaction oi 
various nations upon one another. 

But if wii ask the astronomer or the statesman to 
select an individual particle and an individual human 
being, and predict the motions of each, we .shall find tliat 
both will be C(anplfdely at fault. 

3. Nor ha\'c wo far to look for the cause of their igno- 
rance. A continuous and re.stle.ss, nay, a very complicated, 
activity is the order of nature througliout all her iiuli- 



viduaLs, whether these be living beings or inanimate 
l)articlcs of matter. Existence is, in truth, one continued 
fight, and a great battle is always and everywhere raging, 
although the field in which it is fought is often com- 
pletely shrouded from our view. 

4. Nevcrtlicless, although we cannot trace the motions 
of individuals, we may sometimes tell the result of the 
fight, and even predict how the day will go, as well as 
specif^^ the causes that contribute to bring about the 
issue. 

With gi’eat freedom of action and much complication 
of motion in the individual, there arc yet comparatively 
simple laws regulating the joint result attainable by the 
community. 

But, before proceeding to these, it may not be out 
of place to take a very brief survey of the organic and 
inorganic worlds, in order that our readers, as well as 
ourselves, may realize our common ignorance of the 
ultimate structure and properties of matter. 

5. Let us begin by referring to tlie causes which bring 
about disease. It is only very recently that we have be- 
gun to suspect a large number of our diseases to be caused 
h> organic genus. Now, assuming that we are riglit in 
this, it must nevertheless be confessed that our ignorance 
about these germs is most complete. It is perhaps 
doubtful whether we ever saw one of these organisms,* 

* It is saul that thero aro ono or two instances wliero the microscope 
has enlarged them into visibility. 
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while it is certain that wo are in proibnnd igiiuianco of 
their proj)oi'tios and liabits. 

We aie told Ijy some writers * that the very air wo 
breathe is absolutely teeming with genus, and tliat e 
are sun'ounded on all sides l>y an irinniiicraWo array of 
minute orgiuiic beings. It has also l)oon c(>njecturod 
that tljcy are at incessant warfare among tluunsidves, and 
that we form the spoil of tlie stronger party, lie this as 
it may, we are at any rate intimately bound up with, 
and, so to speak, at the mercy of, a world of creatures, of 
whicli we know as little as of the inliabitants of the 
planet IMar.s. 

6. Yet, oven here, with [>rofoimd ignorance of the 
individual, we are not altogether unaccpiainted with some 
of the habits of these powerful predat^Jiy communities. 
Thus Avc know that cholera is eminently a low level 
disease, and that during its ravages we ouglit to pay 
pai'ticular attention to the water we drink. This is a 
general law of cholera, which is of the more imjiortance 
to us because we camiot study the habits of the in- 
dividual organisms that cause the disease. 

Could we but see these, and experiment upon tliem, we 
should soon acquire a much more extensive knowledge of 
their habits, and perhaps find out the means of extir[)at- 
ing the disease, and of preventing its recurrence. 

Again, we know (thanks to Jenner) that vaccination 
wiU prevent the ravages of sinall-])ox, but in this in- 


# See Dr. Aii^ua Smith on Air and Kain. 
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stance wc are no better off than a band of captives who 
have found out in wliat manner to mutilate themselves, 
so as to render tliem uninteresting to their victorious foe. 

7. But if our knowledge of the nature and habits of 
organized molecules bo so small, our knowledge of the 
ulthnatc molecules oT inorganic matter is, if possible, still 
smaller. It is only very recently that the leading men 
of science have come to consider their very existence as a 
settled point. 

In order to realize what is meant by an inorganic 
molecule, let us take some sand and grind it into smaller 
and smalLu’ particles, and these again into still smaller. 
In ])oint of fact wo shall never T*cach the superlative 
degree of smallness by this opei’atioii — yet in our imagi- 
nation wo may sup])oso the ‘sub-division to bo carried on 
continuously, always making the particles smaller and 
smaller. In this ease wc should, at last, come to an 
ultimate molecule of sand or oxide of silicon, or, in other 
w(jrds, wc should arrive at the smallest entity retaining 
all the propc'i’ties of sand, so that were it possible to 
divide the molecule further the only result would be to 
se])arato it into its chemical constituents, consisting of 
silicon on the one side and oxygen on the other. 

We liave, in truth, much reason to believe that sand, 
or anj^ otlier substance, is incapable of infinite sub- 
division, and that all we can do in grinding domi a 
solid lump of anything is to reduce it into lumps similar 
to the original, but only less in size, each of those small 
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lumps containini^ prt)l)ably a great mimbcr of individual 
molecules. 

8. Now, a drop of water no less than a grain of sand is 
built up of a vcT-y great number of inoleciilos, attached to 
<»ue another by the force of cohesion — a force wliicli is 
much stronger in tlie sand than in tl)e water, hut which 
nevertheless exists in both. And, moreover, Sir William 
Thomson, the distinguished jdiysiclst, has recently ar- 
rived at tlio following conchi.sion with i‘egard to tlio sizi* 
of tlie moh'ciiles of water. He imagines a single drop nt* 
water to be magnified until it becomes as large as the 
cartli, ha\'ing a diameter of 8000 miles, and all the mole- 
cules to be magnified in the sanu^ proportion ; and hr 
then concludes that a single molecule will appear, under 
those circumstances, as somewhat larger than a sliot, and 
somewhat smaller tlian a cricket ball. 

f). Wliatever be the value of this conclusion, it enables 
ns to realize the exceedingly small size of tlie individual 
molecules of matter, and renders it quite certain that we 
shall nevei*, ]»y means of the most powerful microscope, 
succeed in making visible these ultimate inolecu](*s. For 
our knowledge of the siz(is, shaiies, and properties of such 
bodies, we must always, therefore, be indebted to indirect 
evidence of a very complicated nature. 

It thus ap|)ears that we know little or nothing about 
the shaf»e or size of molecules, or about the forces which 
actuate them ; and, moreover, tlie very largest masses of 
the universe share with the very smallest this property 
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of being lieyond the direct scrutiny of the human senses 
— the one set because they are so far away, and the other 
because they are so siriall. 

10. Again, these molecules are not at rest, but, r>n the 
contrary, they display an intense and ceaseless energy in 
their motions. Tliere is, indeed, an uninterrupted Avarfaie 
going on — a constant clashing together of these minute 
bodies, which are continually maimed, and yet always 
recover themselves, until, [»crhaps, some blow is struck 
sufTiciently powerful to dissever the two or more simple 
atoms that go to form a comj)Ound molecule. A new 
state of things thenceforward is tlie result. 

But a sinij)le elementary atom is tiuly an immortal 
l)eing, and enjoys the privilege of remaining unaltered 
and essentially unafiecbnl ami<l the most powerful blows 
that can bo dealt against it — it is probably in a state of 
ceaseless activity and chang(j of form, but it is ueverthe- 
less always the same. 

11. Now, a little rctlection Avill convince us that we 
l»ave in this ceaseless activity another barrier to an in- 
timate acquaintance with molecules and atoms, foi* even 
if we could see tliem they would not remain at rest 
sufficiently long to cuiablo us to scrutinize them. 

No doubt there are devices by means of which we can 
rondei* visible, for instance, the ]»attern of a quickly 
revolving coloured disc, for wo may illuminate it by a 
flash of electi’icity, and the disc may l>o supposed to be 
stationary iluring the extremely sliurt time of the Hash. 
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But we cannot say the same about molecules and atoms, 
for, could we see an atom, and could we illuminate it by a 
flash of electricity, the atom would most probably have 
vibrated many times during the exceedingly small time 
of the flash. In line, the limits placetl upon our senses, 
with respect to sj'iacc and time, equally preclude the 
possibility of our ever becoming directly acquainted with 
these exceedingly minute bodies, which are nevertheless 
the raw materials of which the whole universe is built. 

Action and Reaction^ Equal and Opposite. 

12. But while an impenetrable veil is drawn over the 
individual in this warfare of clashing atoms, yet we 
arc not left in profound ignorance of the laws which 
determine the ultimate result of all these motioiis, taken 
together as a whole. 


In a Vessel of Goldfish. 

Let us suppose, for instance, that we have a glass globe 
containing numerous goldfish standing on the table, and 
delicately poised on wheels, so that the slightest push, the 
one way or the other, would make it move. These gold- 
fish are in active and irregular motion, and he would be 
a very bold man who should venture to predict the move- 
ments of an individual fish. But of one thing we may 
be quite certain : we may rest assured that, notwith- 
standing all the irregular motions of its living inhabitants. 



WHAT IS ENERGY ? 9 

the globe containing the goldfi.sh will remain at rest 
upon its wheels. 

Even if the table were a lake of ice, and the wheels 
were extrennely delicate, wc should find that the globe 
would remain at rest. Indeed, wc shoukl bo exceedingly 
surprised if wc found the globe going away of its own 
accord from tlic one side of the table to the other, or from 
the one side of a sheet of ice to the other, in consequence 
of the internal motions of its inhabitants. Whatever be 
the motions of these individual units, yet we feel sure 
that the globe cannot rnov^e itself as a whole. In such a 
system, therefore, and, indeed, in every system left to 
itself, there may be strong internal forces acting l)ctwecn 
the vaiious parts, but these actions and reactions arc 
equal and opi‘iOsit(\ so that while the small parts, whether 
visible or invisible, are in violent commotion among them- 
selves, yet the system as a whole will remain at rest. 

In a Rifle. 

13. Now it is quite a legitimate step to pass from this 
instance of the goldfish to that of a rifle that has just 
been fired. In tlic former case, we imagined the globe, 
together wi til its fishes, to form one system; and in the 
latter, we must look upon the rifle, with its po’wder and 
ball, as forming one system also. 

Let us suppose that the explosion takes place through 
the a})plication of a spark. Altliough this spark is an 
external agent, yet if we reflect a little we shall see that 
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its only office in this case is to suruinon np the internal 
forces already existing in the loaded riHe, and bring thoiu 
into vigorous acti<^n, and that in virtue of tliese intemal 
forces the explosion takes j>lace. 

The most ]>i-ominont result of this ex])losion is the out- 
nish of the rille hall with a velocity that may, perhaps, 
cany it for the l)est part of a mile before it comes to 
rest ; and here it woukl seem to us, at iii-st siglit, tliat the 
law of e»|iial action and reaction is certainly broken, foi- 
these internal forces present in the rifle have at least ]uo- 
pelled part of the system, namely, the rifle ball, with a 
most enormous velocity in (Ui<‘ direction. 

I k But a little further reflection will bring to light 
another })honomenon besides the out-rush of tlie ball, 
ft is well known to Jill sjxnismen that when a fowling- 
piece is discharged, there is a kick or recoil of the piece 
itself against the shoulder of the s[)ortsman, whieli lie 
would rather g<;t rid of, Init wliich W(^ most gladly wel- 
come as the solution of our difficulty. In ))lain terms, 
while, the l)all is ])rojected forwards, tlui rifle stock (if 
free to move) is at tlie same moment firojeeted backwards. 
To fix our ideas, let us.sui)pose that the rifle stock weighs 
100 ounces, and the ball one ounce, and that the ball is 
projected foiwards will) the vtdocity of 1000 feet per 
.second; tlicn it is asserted, by the law of action and re- 
action, that the rifle .stock is at the same time ]>r()jected 
backwards with the velocity of 10 feet })or second, so 
that the mass of the stock, mnitiplied by its velocity of 
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recoil, shall precisely equal the mass of tlie ball, multi]>lied 
by its velocity C)f projectioih The one product forms a 
measure of the action in the one direction, and the other 
of the reaction in the opposite direction, and thus we 
see that in tlu‘ case of a riile, as well as in that of tlie 
i^^lobe of fish, action and reaction are equal and opposite. 

] a (t FalUiaj 

15. Wo may even extend tin*, law to cases in which we 
dt) not jjerceive the recoil or leaction at all. Thus, if I 
drop a stone from the top of a j)recipico to the earth, the 
motion seems all to be in one direction, while at tlie 
same time it is in trutli the result of a mutual attraction 
bi tween the earth an<l the .stone. Does not the earth 
move also ? We cannot see it move, liut we are entitled 
to assert that it does in reality move upwards to meet 
tlie stone, although quite to an inq)erceptible extent, 
and that the law^ of action and reaction holds hero as 
truly as in a rifle, the only ditterence being that in 
the one case the two objects are rushing together, while 
in the other they are rushing apart. Inasmuch, how- 
ever, as tlie mass of the earth is very great conqiarcd 
Avlth that of the stone, it follows that its A clocity must bo 
extremely small, in order that the mass of the earth, 
multiplied into its velocity upwards, shall eipial the mass 
of the stone, multiplied into its velocity dowmvards. 

IG. We have tliiis, in .s])ite of our ignorance of the 
idtimate atoms and molecules of matter, arrived at a 
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general law which regulates the action of internal forces. 
W e see that tliesc forces are always mutually exerted, and 
that if A attracts or repels B, B in its turn attracts or 
repels A Wo liavo here, in fact, a very go(jd instance of 
that kind of generalization, which wo may arrive at, oven 
in spite of our ignorance of individuals. 

But having now arrived at this law of action and 
reaction, do we know all that it is desirable to know ? 
have we got a complete understanding of wliat takes 
place in all such cases — for instance, in that of tlie riile 
which is just discharged ? Let us consider this iioint a 
little further. 


The lllfle further considered. 

17. Wo define quantity of motion to mean the product 
of the mass by the velocity ; and since the velocity of 
recoil of the rifle stock, multiplied by the mass of the 
stock, is equal to the velocity of projection of the rifle 
ball, multiplied by the mass of tlie ball, we conceive 
ourselves entitled to say that the quantity (jf motion, or 
momentum, generated is equal in both directions, so that 
the law of action and reaction holds lu're also. Never- 
theless, it cannot but occur to us that, in some seyise, the 
motion of the rifle hall is a very different thing from that 
of tlie stock, for it is one thing to allow the stock to 
recoil against your shoulder and discharge the ball into 
the air, and a very different thing to discharge the ball 
against your shoulder and allow the stock to fly into the 
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air. And if any man should assert the absolute equality 
between tlio l>low of th^ rifle stock and that of the rifle 
ball, you nriglit request liim to put liis assertion to this 
practical test, with the absolute certainty tliat he would 
decline. Etiuality between the two ! — Impossible ! Why, 
if this were the case, a company of soldiers engaged in 
war would ouiier much more than the enemy against 
wdiom they tired, for the soldiers would certainly feel 
each recoil, while the enemy would suffer from only a 
small proportion of the bullets. 

The liille Ball possesses Energy. 

18, Now, what is the meaning of this great difference 
between the tw^o? We liave a vivid perception of a 
mighty difference, and it only x^emains for us to clothe 
our naked impressions in a properly fitting scientific 
garb. 

The something 'which the rifle hall possesses in contra- 
distinction to the rifle stock is clearly the power of 
overcoming resistance. It can penetrate through oak 
wood or thi'ough water, or (alas 1 tliat it should be so 
often tried) through the human body, and this power of 
penetration is the distinguishing characteristic of a 
substance moving with very gi'eat velocity. 

19. Let us define by the term energy this power wliich 
the rifle ball possesses of overcoming obstacles or of doing 
work. Of course Ave use the word work without refer- 
ence to the moral chax’acter of the thing done, and con- 
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ceive ourselves entitled to sum up, w ith jierfoct propriety 
and innocence, the aiiiount of work done in drilling a hole 
through a deal board or through a man. 

20. A body such as a rille ball, moving with very great 
velocity, has, therefore, energy, and it re(|uires very little 
consideration to perceive that this energy v:ill he pro- 
porfional to Its v'evjht or mass\ for a ball of two ounces 
moving wdth the velocity of 1 ()()() feet per second wall l>e 
the same as two balls of one ounce moving with tliis 
velocity, but the energy (»f two similarly moving ounce 
balls will manifestly bo <loul>le that of one, so that the 
energy is ])roportional to the weight, if we imagine that, 
meanw’hih*, tin.* velocity remains the same. 

21. But, on tlie other hand, the energy is not simply 
proportional to th<‘ velocity, fiu*, if it were, the energy of 
the rifle stock and of the rifle ball would ])e the same, 
inasmuch as tin* rille stock w’ould gain as much ly its 
sM])erior mass as it would lose l»y its inferior velocity. 
Therefore, the energy of' a moving l)ody increases w ith tlu‘ 
velocity mon* (piickly than a simi)le i)roportion, so that 
if the A'elocity l»e doubled, the (‘nergy is more tlian 
doubled. Abnv, in w liat manner does the energy incrcasti 
w'ith tile velocity That is the <pieslion w*e have now" to 
answer, and, in doing so, we must a])peal to tlie familial 
facts of eveiyday oliservation and exjiorieiicc. 

22. In tlio first place, it is well know'ii to artillerymen, 
that if a ball have a double velocity, its penetrating 
{>ower or energy is increased nearly fourfold, .so that it 
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will pierce tlirough four, or nearly four, times as uiany 
deal boards as the ball with only a single velocity — in 
other words, they will tell us,, in mathematical language, 
that the energy varies as the s(piai*e of the velocity. 

DeJinltAon of IToi*/'. 

And now, before proceeding further, it will be 
necessary to ttjll our readei's how to measure work in a 
strictly sciiuitilic manner. We have defined energy to be 
the power of doing work, and althougli every one has a 
general notion of what is meant by work, that notion 
may not be sufliciently [U'ceise for the purpose of this 
volume. How, then, are we to measure work ? For- 
tunately, we ha\'(^ not far to go for a practical means of 
doing this. Inileed, tliert? is a ibree at hand which enables 
us to accomiilisli this lueasunnnent with the greatest pre- 
cision, and this force* is gravity. Now, the first operation 
in any kind (»r nniiierical estirnatt* is to iix: upon our unit 
or standard. Thus w(* say a rod is so many inches long, 
(»r a road so many^mih's long. Here an inch and a inik* 
are? clu)sen as oiir standards. In like manner, we s])eak of 
so many seconds, or minutes, or hours, or days, or years, 
choosing tliat standard of tiuuj or duiatioii wliich is most 
convenient for our piM*])Ose. »So in like manner we must 
choose our unit of work, hut in order to do so we must 
first of all choose our units of Avtiight and of length, and 
for these wc Avill take the kUoyvamme. and the ractre^ 
these being the units of the metrical system. The kilo- 
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gramme convsponds to aLoufc 1 0/132 ‘85 English grains, 
being ralliev more than two pounds avoirdupois, and the 
metro to about 39 * 371 English inches. 

Now, it* wo raise a kilogramme weight one metre in 
vertical height, we are conscious of putting hn-tli an 
cfli>rt to do so, and of being resisted in the act by the 
force of gravity. In other words, we spend energy and 
do work in the process of raising this weight. 

Let us agree to consider the energy s[)(*iit, or the work 
done, in this oi)(>ratioii as one unit of woik, and let us call 
it the Idloif rariuHctre. 

2i. Ill the next jdacc, it is very obvious that if ^^'e raise 
the kilograinme two metres in height, we do two units of 
work — if tlirec metros, throe units, and so on. 

And again, it is orpuilly obvious that if wc raise a 
weight of two kilograninios one metre higli, we likew ise 
do tw o units of w^ak, wdiilc if we raise it tw o metres high, 
Ave do four units, and so on. 

From these examples wc are entitled to derive the 
following rule : — Maliiphj ike vjehjlit raided {ui hllo- 
gramm's) hy the vcvtiml height {in metres) through v:hich 
it is reused^ and the rcsalt vAU he the vjork done (in 
kilogramrfietres). 

Relation heiiveen Velocity and. Energy, 

25, Having thus laid a numerical foundation for our 
superstructure, let us next iiroceed to investigate the rela- 
tion between velocity and energy. But first let us say a 
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few WO] 1;^ a1)Oiit velocity. This is one of tlie fcv/ cases in 
wiricli everyday ('xporience will aid, ratlior than hinder, 
us in our scion tide conception. Indeed, we have con- 
stantly l^cfoie. ns tliG example of bodies moving with 
varial)l(^ vel(.»ci ti os, 

Thu.> a railway train is approaching a station and is 
just beginning to slacken its pace. Wlien we begin to 
observe, it is moving at the rate of forty miles an 
liour. A minute afterwards it is moving at the rate 
of twe]it;>' Jnilos only, and a minute after that it is at 
For no two consecutive moments has this train 
coiif.imu'tl to move at the same rate, aiid yet we may 
say., with pcafoct propriety, that at such a moment 
the train wjrs moving, say, at the rate of thirty mile.s 
an hour. Wo mean, of course, that had it continued to 
move f )r an liour with the speed which it had when 
we made the. observation, it woidd have gone over 
thi) iy miles. We know that, as a matter of fact, it did 
not m< »\ e j\ ir two seconds at that rate, hut this i.s of no 
consi.qnenee, and hardly at all interfeVc'S with our mental 
gras]) <d* the p]’o})lem, so accustomed are we all to cases 
of \ arialjlo velocity. 

2(j. Let us now imagine a kilogi'ammc weight to be 
shot vertically upwards, with a certain initial velocity — 
let us say, with tlio velocity of 0*8 metres in one second. 
Gravity will, of counse, act against the weight, and 
continually diminisli its uj)ward vS])eed, just as in the 
railway tiain the break was constantly redneing the 

c 


I7 30 5 . 
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velocity. But yet it is ^'ery easy to see M’liat is meant 
by an initial velocity of 1) * Sinctr(‘s pin* second; it moans 
that if gravity did not interfere, and if the air did not. 
resist, and, in fine, if no external intliionce of any kind 
Avere allowed to act upon the ascending mass, it would be 
found to move over 9 *8 metres in one second. 

Now, it is well known to those who have studied ihi* 
laws of motion, that a body, shot u])wards with the 
velocity of t)‘S metres in one second, will be l)roiight 
to rest when it has risen 4 * 9 metres in height. If, tliere- 
fore, it bo a kilogi'ainme, its upward velocity will have 
enabled it to raise itself 4 *9 metres in hinglit against tin* 
force of gravity, or, in other Avonls, it will have done 4 *9 
units of woi'k ; and avo may imagine it, Avheu at the toji o!‘ 
its ascent, and just about to turn, caiiglit in the hand and 
lodged on tlio top of a house, instead of being allowed to 
fall again to the ground. We are, tlieroforo, entitled to 
say that a kilogramme, shot u])Avards Avith the velocitj' 
of 9 *8 metros j)cr second, has energy equal to 4 *9, inas- 
much as it can raise itself 4 *9 metres in lieight. 

27. Let us next suppose that tlic velocity with which 
the kilogramme is .shot upAvards is that of 19 *(> metres 
per second. It is known to all wlio liave studied <ly- 
nainics that the kilogramme will tioav mount not only 
tAvice, but four times as higli as it did in the last in- 
stance — in other Avords, it will now mount 19*6 metres 
in height. 

Evidently, then, in accordance Avith our principles of 
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ineasurenient, the kilogramme has now four times as 
much energy as it had in the last instance, because it 
can raise itself four times as high, and therefore do four 
times as much work, and thus we sec that the energy is 
increased four times by doubling the velocity. 

Had the initial velocity been three times that of the 
first instance, or 20 i metres per second, it might in like 
manner be shown that the height attained would have 
been 44 * 1 metres, so that by tripling the velocity the 
energy is increased nine times. 

28. We thus see that whether we measure the energy 
nf a moving body by the thickness of the planks through 
which it can jiierce its way, or by the height to which it 
can raise itself against gravity, the result arrived at is 
tlie same'. We find the energy to he proimiional to 
fhji f^qiiare of the velocity, and wo may formularize 
our conclusion as follows : — 

Lot V = the initial velocity ex})ressed in metres per 


second, then the energy in kilogrammetres = 


ly-c 


Of 


course, if the body shot uj)wards weighs two kilogrammes, 
then everything is doubled, if three kilogrammes, tripled, 
and so on ; so that finally, if we denote by m the mass of 
the body in kilogrammes, we shall have the energy in kilo- 

grammetres = YKTp- To test the truth of this formula, 

A V U 

we have only to apply it to the cases described in Arts. 
-C and 27. 
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29. We may further illustrate it by one or two 
examples. For instance, let it bo inquired find the 
enorg}’" containe*] in a mass of live kilogiamine.s, sliot up- 
wards with tlie velocity of 20 metres per second. 

Here w<5 ha\'e m ~ 5 mid c = 20, hence — 

Lnovgy = ^ . y = 102 • 01- nearly. 

Again, let it lie required to liiitl the height to which the 
mass of the last quest ion will ascend before it We 

know tliat its enorgi' is 102 '01, and that its inass is 5. 
Dmdiiig 102*()t l»y wo obtain 20 * 408 as tlie lioight 
to wdiich this mass of live kilogTammos must ascend in 
order to do work e<]ual to J 02 * 04 kilogi’ammetres. 

30. In what we liavi'> said wo liave taken no account 
eitlier of the resistiijjce or of tlio buoyancy of the atmo- 
sjibere ; in lact, wo have supposed the experiinonts t(.) be 
made in vacuo, or, if not in vacuo, made by means of a 
heavy mass, like, lead, which will bo ^ ery little iiillueiicod 
either ly tlie resistance or l>uoyancy of the air. 

Wo must not, liowever, forget tliat if a sheet of ]>apor, 
or a featlier, be sliot upwards witli the velocities men- 
tioned in oiir text, they will ceitainly not rise in tlie air 
to nearly the height recorded, but will be much sooner 
brought to a stop by tbc very great resistance wliicli they 
encounter from tlic air, on account of their great surface, 
combined with tlieir small mass. 

On the other Jiaiid, if the substance wc make use of be 
a large light bag filled with hydrogen, it will find its way 
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upwards witl)Out any effort on our part, and we shall cer- 
tainly be doin;L»‘ no woi-k by cairying it one or more 
metres in lieigbt — it v/ill, in reality, help to pull us up, 
instead of re([uiring help fi*om us to cause it to ascend. 
Jn fine, what wo have said is meant to refer to the force of 
gravity alone, Avithout taking into account a resisting 
niediiini such as tlie atmosjdicro, the existence of which 
need not bo considered in our present calculations. 

31. It should likewise be remembered, that while the 
energy of a moving body do[)er)ds upon its velocity, it is 
inde})eiident of the <lireciion in Avhieh the body is 
moving. Wo have si?[>posed the l;ody to be shot up- 
AV’-ards Avith a given velocity, but it might be shot hori- 
zontally Avith the same velocity, Avhen it AA^oiild have 
precisely tlie same energy as before. A cannon ball, if 
fired vertically u])\\'ards, may either be made to spend 
its enorgy in raising itself, or in piercing through a 
series of deal boards. Now, if the same ball be fired 
horizontally Avith the same velocity it will pierce tlirough 
the same number of deal boards. 

In fine, direction of motion is of no consequence, and 
the only ixjason Avhy avc liavo chosen vertical motion is 
that, in thivS case, tlicrc is always the force of gra\dty 
steadily and constantly opi)Osing the motion of the body, 
and enabling us to obtain an accurate measure of the 
Avork whicli it does by piercing its Avay upwards against 
this force. 

32. But gravity is not the only force, and we might 
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measure the energy of a moving lH>dy T^y ilio extent to 
which it would bend a powerful .spring or resist the at- 
traction of a powerful magnet, or, in fine, wc might make 
use of the force wliich best suits our purpose. If tlii.s 
force be a constant one, we must measure tlie eneigy of 
the moving body by the spjice which it is able to travei'so 
against the action of the force — ^^just as, in tlie case (d' 
gravitj'’, we measured the energy of tlie body by tlie s[)ace 
through which it was able to raise itself against its own 
weight. 

33. We must, of course, bear in mind that if this force 
be more powerful than gravity, a body moved a short 
distance against it will represent the expemliture of a.s 
much energy a.s if it were moved a greater distance 
against gravity. In fine, we must taki' account both 
of the strength of the force and of the distance moved 
over hy the 1)ody against it bid’orcj wo can rstimate in au 
accurate maltur the ork w hich has bcui done. 
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CHAPTER IT. 

MECirAKTCAL ENKltar AND ITS CHANGE INTO HEAT. 

Eucrijn of FusttJon. A Stone high vp. 

lx tlu‘ last cliai)ti‘r it was shown what is meant 
by miei-gy, and how it depends upon the velocity of 
a moving body; and now let us state that this 
same energy or power of doing work mi\,y neverthe- 
less be possessed I))' a b»)dy absolutely at rest. It 
will be remembered (Art. 20) tliat in one case where 
a kilogramme was shut vertically upwards, wo supposed 
it to be eaiU'-ht at the summit of its llio’ht and lodj^ed on 
the top of a house. Here, then, it rests without motion, 
but yet not without the p<nver of doing work, and hence 
iiot without eiuu’gy. For wc know very well that if we let 
it i'all it will strike the ground with as much velocity, and, 
therefore, with as much energy, as it had when it was 
originally projected upward.s. Or we may, if we choose, 
make use of its en(*rgy to assist us in driving in a pile, or 
utilize it in a multitude of ways. 

In its lofty position it is, therefore, not without energy, 
but this is of a quiet nature, and not duo in the leas^ to 
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nifRion. To v/liat, llieii, is it diio ? AVo re])lv — to tho 
wliicii ilio kilu^'riUiiino ucciipios at tlic top of the 
house. For just as a body in inulion is a very dltTerent 
thing (as rogaidis energy) IVvun a bculy at rest, S(j is a body 
at the to}> of a house a veiy differeiit thing iVoiu a luxly 
at the bottom. 

To illiistiate tills, we may suj>iu>se ilait two men of 
equal acU\ lqv and strength are lighting together, each 
liaving lii.s [»iie of stones uith wlileh he is about to be- 
labour liis adw'isaiy. One man, hov,'e\ ei\ has secunxl for 
hiuisolf and Iiis jille an ehnaled [nisitioii on tlu; top (;f a 
house, Avliile Ids enemy lias to j*»‘nuiin (soiitent witli a 
position at ihe bottom. iS'uw, under du-se crrcuiie tances, 
you can at once tell winch <d‘ the two will gain tlie day 
— cvideiitl}' the man on the to[) <.»f t!i(‘ house, ami yet not 
on account of Ids own supmior (.nergy, but ratlier on 
account of the energy wdiieli he deTives from He* elevated 
poslliou rif Ills ]*ile of sbuies. AA'^e tlius see that lliere 
is a kind of energy derived from p(»siti(m, as well as a 
kind derived iVom velucdty, and wo sliall, in call 

the fonaer Ciictyi/ of 'pO’-ii ion, and tlie latter <- io:r<jy(f 
motian. 

A Head of Water. 

35. In order to vary our iilustmtion, let ns siqipose 
there arc tw o mills, one wdtli a large jiond of water near 
it and at a liigh level, while the otlici’ has also a pond, 
but at a lower level than itself. AVe need liardly ask 
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wliieh ol* the two is likely to work — clearly tlic 0!ie 
with (lie pond at a low li‘V(dcaii derive from it noadvan- 
tiiuje whatever, Avhile tlie other may use the higli level 
])ond, or head <vf water, as this is sonietimes called, to 
drive its wheel, and do its work. Tluro is, thus, a gToat 
deal of work to Ijc got out of water high u \) — real sub- 
stantial woi’k, such as grinding com or tlnash ng it, or 
turning wood or sawing it. On the other hanrl, tiiero is no 
woi'k at al I to he got froiii a ])ond of Avatei* that is low down. 


A CVo,s'.s'-6o?e 6 o?/. A Watch ivoxmd up. 

[hi. In both of the; illustrations now given, ^vo have 
used the force of gravity as that force against wliicli wo 
are to do Aroik, and i)i virtue of which a stone high up, 
or a licarl of w at(‘r, is in a [>osition of advantage, and has 
the ])owor of doing woiw :iy, it falls to a loAvcr level. But 
tlieiv are oilier Ihrces l;o •ides gravity, and, with vospeci to 
these, hodi«-s uio.y Ire in. a position of advantage and be 
able to do work just as n uly as the stone, or llio head of 
Avator, in the ejisc botbfe mentioned. 

Let us take, i‘er instance, the force of elasticity, and 
consider Avliat ha[)pens in a cros.s-l>OAV. When this is 
bent, tlio bolt is cvidrmtly in a position of advantage 
with regard to the elastic force of the boAv; and Avhen 
it is dischargi'd, this energy of ]X)sition of the bolt is 
convci ted into energy of motion, just as, Avhen a stone on 
the top of a house is allowed to fall, its energy of posi- 
tion is converted into tliat of actual motion. 
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In like manner a watch wound up is in a position of 
advantage with respect to the elastic force of tJie main- 
spring, and as the wheels of the watch move this is 
gradually converted into energy of motion 

uidi'antaffe of Fosilion. 

37. It is, in fact, the fate of all kinds of oneT-gy of 
posit ion to be ultimately converted into energy of motion. 

The former may be compared to money in a bank, or 
capital, the latter to money whieli wo are in the act of 
spending; and just as, when we have mon(\y inabank.wc 
can draw it out whenever we want it, so, in tlie case of 
energy of position, w'e can make use of it wlu never avo 
[) lease. To see this more clearly, let us comj^are together 
a watermill driven by a head of water, and a w indmill 
driven by the w-ind. In the one case w’o may turn on 
the Avater wdioncver it is most C(>nvenient for us, but in 
the otlicr w^e must w’ait until the wvind haj)pens to blow. 
The former has all the independt nee of a l icli man ; the 
latter, all the obse(|uiuusnes.s of ?i jH>orone. ll’w'e {)ur.su(j 
the analogy a step furtlier, wo. shall see tliat the great 
capitalist, or the man who lias aetjuired a lofty jiosition, 
is respected because he has the disjiosal of a great 
quantity of energy; and that whetluu* ho l>e a nobh^inan 
or a sovereign, or a general in command, he is pow^eifnl 
only from having .something wliich cnabh s liim to make 
use of the services of others. When the man of WAtalth 
})ays a labouring man to w'ork for liim, ho is in truth 
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converting so much of his energy of position into actual 
energy, just as a miller lots out a portion of liis head of 
water in (n*der to do some work by its means. 

TrctnshiulHtions of Visible Eaerffy. — A Kilogramme 
shot iqnoards. 

38. We have thus cndeavoure<l to sliow tliat there is 
an eneigy of repose as well as a living energy, an energy 
of position as well as of motion ; and now let us trace 
the dianges which take place in the energy of a weight, 
shot vertically upwards, as it continues to rise. It starts 
with a certain amount of energy of motion, but as it 
ascends, this is hy degrees changed into that of position, 
until, when it gets to tlui top r)f its lliglit, its energy is 
entirely duo to position. 

To take an example, let us suppose that a kilogramme 
is projected vci*tically u}>wards with the velocity of 19 • G 
metres in one second. According to the formula of Art. 
28, it contains 19 ' G units of energy due to its actual 
velocity. 

If we examine it at tluj end of one second, we shall 
find that it has risen 11 ’7 metres in height, and has now 
the velocity of 9*8. This velocity W'o know (Art. 2G) 
<l(*notes an amount of actual energy equal to 1*9, while 
the height reached corrospomls to an enei’gy of position 
ecjual to 11 • 7. The kilogramme has, therefore, at this 
moment a total energy of 19 ‘G, of whieli 1-1*7 units aro 
due to position, and 1 * 9 to actual motion. 
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If wo noxc oxaniiiic ifc at the end of anotiier second, we 
shall iind that it lias just been l)ruiii;ht to rest, so that its 
energy of niotion is nil ; nevertheless, it luxs succeeded in 
raisin-' itself 19 *(.1 lactres in height, so that its energy of 
position is 19 *(?. 

Tbore is, therefore, no disappearance of ejiergy during 
the rise of the kilograninu', l>ut morel}' a gralual change 
from one kind to another. It starts with actual (Uiergy, 
nn>l tins is gradually clianged into that of j)osition; Init 
if, id miy stage of its ascent, wo add tt.gether the actual 
energy of the kilogramme, and that due to its ])ositioii, 
Aco shall find that their sum always remains the same. 

39. rrecisely the rcvei'sc tak(‘s ]»laco whon the kilo- 
gramme hegins its descent. It starts on its (hAvnward 
journey wiili no eno'gy of m(.)tii>n whatove)*, i)ut with a 
certain ani'/unt of oneugy of j)osilion ; as it lalls, its 
energy of j»o.sition hee(e]ies less, and its actual energy 
greati'r, tlie sum of the two remaining constant tlirough- 
out, until, when it is ahout to strike the ground, its 
energy of po.sition has keen (-ntirely changed into that 
of actual motion, and it now aj)})roacli<;s tie; ground 
with the velocity, and, therefore, with the oncigy, which 
it had when it was oi'igiiially pi-ojocted u]>wartls. 

The Inclined Plane. 

40. We have thus traced the. trairsmutations, as regards 
energ;^’', of a kilogramme sliot vertically upwards, and 
allowed to fall again to the earth, mid wo may now 
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vary our ]j}qioth(\sis ny inaking the kilograuimo ]iso 
vertically, hut descend hy means of a .smooth incliinxi 
plane without friction — inja£^dr_c in fact, the kilo.cp’annnG 
to ho shaped like a hall or roller, and tlie })lane to 1)0 
porfoctly smooth. Now, it is well ]in()\^ n to all .students 
oj* dynamics, that in such a case the velocity which the 
kilogi’amme has ^^•hen it ha.s reached tlie hott<mi of tho 
plane will ho equal to that which it would have had if 
it harl been dr()p])ed doAvii vertically through tlio .same 
height, and thus, hy introducing* a smooth, inclined piano 
of this kind, you neither gain nor losr; anytliing as regards 
energy. 

Ill the {ii*st place, you do not gain, for think whae 
Avoul.i hai>pcii if tlie kilogramme, Avhou it reached the 
l)oltoiii of the incliiK.d. |)lane, sliould liave a greater 
velocity than jam gav e it (»riginall3% when you .shot it up. 
It v/ould evidently 1)0 a prolitahle thing to shoot up the 
kilogram me. vertieall^g and I/ring it dow’ii b}- means of 
tlio j.hviie, f)i' would gr-t hack more energy" than you 
oj-igiu,'i.lly :q)ont iiprui it, and in e\eiy sense 3'ou Avould 
l.)e a gaino!-. You might, in fact, ly im^ans of appropriate 
apparatus, couveit the aiTangement into a perpetual 
inoiiou mnehine, and go on accumulating energy without 
liinii — 1 )ut this is not p>ossihle. 

On the oilioi* hand, the inclined plane, iinlcss it be 
rough and angular, Avill not njb you of any of tlie energy 
of tlui kilogramme, l»ul will restore to you the full amount, 
wlien once the bottom has heuii reached. Nor docs it 
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matter what he the length or shape of tlie plane, or 
whether it be straight, or eurveAl, or spiral, for in all 
cases, if it only bo smooth and of the same vertical 
height, you will got the same amount of energy by causing 
the kilogramme to fall from the top to the bottom. 

41. But wdiile the energy remains the same, the time 
of descent will vary according to the length and shape of 
the plane, for evidently the kilogramme will take a longer 
time to descend a very sloping plane than a very stee)> 
one. In fact, the sloi)ing plane will take longer to g(‘ne- 
ratc the requisite velocity than the steep one, but both 
will have produced the same result as reganls 
energ 3 ^, 'when once the kilogramme lias arrived 
at the bottom. 

Fund to as of a Machine, 

42. Our readers are now beginning to per- 
ceive that energy cannot he created, and that 
by no means can we coax or cozen Dame 
Mature into giving us back more than we are 
entitled to get. To impress this fundamental 
principle still more strongly upon our minds, 
let us consider in detail one or tw'o mechan- 
ical contrivances, and see wdiat they amount 
to as regards energy. 

Let ns begin with the second system of 
[uilleys. Her(j we have a power p attached 
to the one end of a thread, which passes 
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over all tlio pulleys, and is ultimately attached, by its 
other extremity, to a hook in the upper or fixed block. 
The weight w is, on the other hand, attached to the 
lower or moveable block, and rises with it. L(it us 
su])j)0se that the pulhys ai-e without weight and the 
cords without friction, and that w is supported by six 
cords, as in the figure. Now, when then; is equilibriuiii 
in this machine, it i.s well known that W will bo equal 
to six times v ; that is to say, a power of one kilogramme 
will, in such a machine, balance or support a weight of 
six kilogiTimmes. If P be increased a single grain more, 
it will overbalance w, and p will descend, wliile w will 
begin to rise. In sucli a case, after P has descended, say 
six metres, its weight being, say, one kilogramme, it has 
lost a quantity of oncigy of position equal to six units, 
since it is at a lou’er level by six metres than it was before. 
We liave, in fact, (^xpi'iided upon our machine six units 
of energy. Now, what return have we I’ocolved for this 
expenditure ? Our redurn is clearly the rise of AV, and 
mechanicians Avill tell ns that in this case W avjII Iiave 
risen one metre. 

But the weiglit of w i.s .six kilogrammes, and this 
lia\'ing betui raised one metn; represents an energy of 
I'.fjsition i;qual to six. We have thu.s spent upon our 
machine, in the fall of P, an amount of energy equal to 
six units, and obtained in the rise of w an equivalent 
amount equal to six units also. ’ We have, in tnith, 
neither gained nor lost energy, but simply changed it 
into a form more convenient for our use. 
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‘l‘T 1'o ini|nvs'^ this truth still nion' .str<;]»';*i\ , let us 
take ^viiic a iliiierent UKU-liine, such ;is ils,: hy'in striiie 
press. Its uumU' v/ill I)e 

pt‘rceive(l frem i'i (lero v. o 

have two cyliii i* fs, a wide and 
a narrow («fie, wldel) aiv c*on- 
ncch'd loyetlier a* the i'iitioifi by 
nn^nas of a. stron ;{ inlM'. Maeli of 
these cylindtTS is [>ri>vidi-d with 
a v/ater-tie’lit piston, the sj)aee beneatli l.-eine; tilled with 
wacer. !t is tla refoiv rnaiii test, since llu* two cylinders 
are oonneeted to«;'etl-,(;.v, and since wate:- is inc(‘nij'vessiMe, 
that when we push down the on^• piston the oilier will bo 
puslted n{). Lot ussup))o.sethat the ai C'a ot‘ ilie small pis- 
t<‘)i is one srpiave centimetre,^* and that of tlie larye pistiai 
one hundrerl .s(piare centimetres, and let ns a])ply a wei‘^iit 
of ton kiloeTainmes to the smaller piston. No\v, it is 
known, from tlie laws of hy*br«»statics, lliat eveay s(|uaro 
centimviti'e of the hirger piston w ill be ]>r( ssorl ni)wards 
Avitli the i'orco often kil(»grainmcs, so that tlie piston will 
altogi'thor mount wdth the foi'ce of 1000 kiliyrainmes — 
that is to say; it w'ill raise a weight of this ann»v:nt as it 
ascends. 

Hen;, tlion, w'o luivo a maclnne in virtue of which a 
pressure of ton kilogramines on tlie small ]*isron i-nahles 
the large piston to rise witli the fbi*oe of lOOt) kilo- 

* That is to say, n square the j:iclo of whieh U one conti moire, <)r tho 
hnntlredtb part of a metro. 
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grainnies. But it is very easy to sec that, while the 
small ))ist(ui falls one metro, the largo one will only rise 
one centimetre. For the quantity of water under the 
pistons hcong alwaj’.s the same, if tins he pushed dowii 
one metre in the narrow cylinder, it will only rise one 
centimotro in the wide one. 

Let us now considei* what we gain by this machine. Tlie 
power often kilogrammes applied to the smaller ])i.stoii is 
made to fall through one metre, and this represents the 
amount of eneigy which we have expended upon our 
machine, while, as a return, wc obtain 1000 kilogrammes 
raisi.^l through one single centimetre. Hero, then, as in 
tin? case of the [iulleys, the return of energy is precisely 
the same as the expenditure, and, provided we ignore 
friction, wc neither gain nor lose anything by the macliine. 
All that Ave do is to transmute the energy into a more 
convenient form — wliat wc gain in power avc lose in 
s[>ac(,* ; but we are willing to sacrifice space or quickness 
of motion in order to obtain the tremendous pressure or 
ibi’ce which wc get by means of the hydrostatic press. 

Principle of ViHiial Velocities, 

4k Tliese illustrations will have prepared our readers 
to perceive the true function of a machine. Tin's was 
first clearly defined by Galileo, who saw that in any 
machine, no niattci- of what kind, if we raise a large 
weight by means of a small one, it will bo found that the 
small weight, multiplied into the space through Avhich it 

D 
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is loweml, ^vill oxactly otjiial tlu? lar^o woiglit, multiplied 
into that through whicli it is raise<l. 

This principlo, known as that of* virtual velocities, 
enahles us to perceive at once our true position. We se(‘ 
that the world of mechanism is not a manufactory, in 
which energy is created, hut rather a mart, into which 
we may hring energy of one kind and eliangii or barter it 
for ail etpii valent of another kind, that suits us hotter — 
hut if we come with nothing in our hand, with nothing 
we shall most assuredly return. A machine, in truth, 
does not create, Init only transmutes, and this principle 
will enable us to tell, without furtlier knowledge of 
mechanics, wliat are tlie conditions of equilibrium of any 
arrangc'ment. 

Fui- instance, let it bo required to find those of a lever, 
of Avhich the one arm is three times as long as the othei*. 


Here it is evident that if wc overbalance tlio lever by a 
single grain, so as to cause the long arm with its power to 
fall down while the short one w ith its wHu'ght rises up, 
then the long arm will tall three inches for every incli 
througli which the short arm rises; and hence, to make uj) 
f<n* this, a single kilogramme on the 
long arm wdll l)alance three kilo- 
grammes on tlie short one, or the 
power will l>e to tlio weight as one 
is to three. 

45. Or, again, let us take the in- 
clined plane as represented in Fig. 3, 
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Here we have a smooth plane and a weight held upon 
it hy means of a power r, as in the ligure. Now, 
if we overbalance i* by a single grain, we shall bring 
the weight W from tlui bottom to the top of the plane. 
Ihit when this has taken place, it is evident that 
p has fallen tliroiigh a vertical distance eipial to the 
length of the plane, while on the other hand W has only 
risen through a vertical distance eipjal to the height. 
Hence, in order that the principle of virtual velocities 
shall hold, we must have P multijilicd into its fall equal 
to W multiplied into its lise, that is to say, 

P X Length of i>Iane = Av x Height of plane, 

P Height, 

or = i T- 
w Length. 

O 

What Fridiov does. 

4G. The two examples now givx*n are cpiite snfRciont to 
enable our readers to see the true function of a machine, 
and they are now doubtless disposed to acknowledge that 
no machine will give back more energy than is spent 
upon it. It is not, liowever, e(iually clear that it will 
not give back less ; indeed, it is a well-known fact that 
it constantly does so. For we have supposed our 
machine to be Avithoiit friction — ^Imt no machine is with- 
out friction — and the consequence is that the available 
out-come of the machine is more or less diminished by 
tliis drawback. Now, unless we arc able to see clearly 
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what part friction really pla3\s, avo cannot jn’ovc the con- 
servation of enei'gy. We sec clearly enough that energy 
cannot bo created, but Ave are not equally sure that it 
cannot be <lestroycd ; indeed, Ave may say avo IiaA^e 
apparent grounds for believing that it is dcstro^’^ed — 
that is our present position. Now, if the theory of the 
consei’A'ation of energy be true — that is to say, if energy 
is in any sense indestructible — friction will prove itself 
to 1)0, not the destroyer of energy, but merely the con- 
verter of it into some less apparent and perhaps less 
useful form. 

47 . Wo must, therefore, prepare ourselves to study 
Arhat friction really does, and also to recognbiio energy 
in a form remote from that possessed by a body in visible 
motion, or by a head of Avater. To friction avo may 
add percussion, as a process by Avlvich cnvjrgy is apj)a- 
rently destro3XMl ; and as avo have (Art. o 9 ) considered 
the case of a kilogramme shot vertically upwards, de- 
monstrating that it will ultimately n acli the ground 
A\dth an energy equal to that Avith which it Avas shot 
upwards, Ave may pumuc the experiment step fni-thcr, 
and ask what becomes of its energy afb^r it has struck 
the ground and come to rest ? We may vary the ques- 
tion by asking what becomes of the energy of the smith’s 
bloAV after his lianiiner has struck tlie anvil, or Avliat of 
the energy of the cannon l>all after it has struck the 
target, or Avhat of that of the rail way train after it has 
been stopped b}' friction at the break-wheel ? All these 
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are cases in wliich percussion or friction appears at first 
sight to have <le.stroyecl visible energy ; but before pro- 
noiincing uj)on tliis seeming destruction, it clearly be- 
hoves us to ask if anything else makes its appearance at 
the rnoinent when the visible energy is apparently 
destroyed. For, after all, energy may belike the Eastern 
magicians, of whom we read that they had the power of 
clianging themselves into a variety of forms, but were 
nevertheless very careful not to disappear altogether. 

When ATotion is destroyed, Heal appears. 

48. ISSovr, in re])ly to the (question wo have put, it may 
be confitlently asserted that whenever visible energy is 
a]>parently destroyed by percussion or friction, something 
else mak(\s its appearance, and that something is heat 
Thus, a [)iece of lead jilaced upon an anvil maybe greatly 
heated by successive blows of a blacksmith's hammer. - 
The collision of flint and steel w’ill produce heat, and a 
rai)idly-moving cannon ball, when striking against an 
iron target, may even be heated to redness. Again, with 
regard to friction, we know that on a dark night sparks 
are seen to issue from the break- wheel which is stopping 
a railway train, and w^e know, also, that the axles of rail- 
way carriages get alarmingly hot, if they are not Avell 
supplii'd with gi'case. 

Finally, the sclioolboy will tell us that he is in the 
habit of rubbing a brass button upon the desk, and ap- 
plying it to the back of his neighbour s hand, and that 
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Avhon Ills own liajul lias l>oen treated in this way, lie lias 
found the button iinmistakoably hot. 

Iliat a species of Motion, 

49. For a long' time this appearance of heat by friction 
or percussion was rcgarderl as inexi>licable, because it 
was believed that lu'at was a kind of matter, and it was 
<lifiicult to understand whore all this heat came from. 
The partisans of th<j material hyiiothesis, no <l(>iibt, 
ventured to suggest that in siicli processes heat might 
be drawn from tlie neighbouring bodies, ho that the 
C'aloric (whicli was the name given to the imaginary 
suhstance of heat) Nvas squeezed (.u* i*ul)bed out of them, 
according as tlu' process was percussion or friction. But 
this was regarded hy^ many as no explanation, even 
before Sir Ilumpliry Davy, about the end of last cen- 
tury’, clearly .sIiowcmI it to be untenable. 

50. Da\\y\s experimriit.s consiste<l in iul»bing togelhor 
two iiieces of ice until it was fouml tliat botli were 
nearly melted, and be* varied tlio comli lions of his ex- 
periments in such a niaiinei* as to sliow tleit tie; heat 
])rorhiced in tliis case could nut be al»sti'iir;le<l iVom the 
neigli I )Oiii i) ig Ijod ies. 

51. Let us [jause to consider tlio alternatives to wliich 
we are* rlriven l)y this exiierimeiit. If we still choos<i to 
regard heat as a substance, since this has not been taken 
from tlie surrounding bodies, it must necessarily Iiavo 
been created in the [nocess ol’ friction. But if we erhoose 
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to r(‘gaid licat as a spirci<‘s of motion, liavo a simj)ler 
altornativ(?, for, inasmuch as tlu* cn(3ri;y of visiljlo motion 
has (lisain)carocl in tlie juocess of friction, wo may sup- 
pose that it has hecn transformed into a species of iiiole- 
eular motion, whicli we call h(‘at; and this was the con- 
clusion to which Davy came. 

5l*. About the same time aiiotlier philosojilier was 
()ccu|)ied with a simila] ex[»oriment. Count Rinuford was 
sup(3riutending’ the l)orini;* of cannon at the arseiial at 
Munich, and was forcibly struck with the very <;Teat 
amount ef heat caused b^* this process. The source of 
this lieat a[)peared to liim to bo absolutely incxbaustiV)le, 
and, beiny’ nnwillini;* to regard it as the creation of a 
s|»ccies of matter, li<* was led like Davy to attribute it to 
motion. 

r»3. Assuming’, therefore, tbat heat is a species of 
motion, tbe Jiext ]H>int is to endeavour to comprehend 
vvliat kind of inotion it is, and in wliat respects it is 
difforent from ordinary visible motion. To do this, let us 
imagine a railway (*arriagc, full of passengers, to be wliirl- 
iug along at a great speed, its occupants (juietly at ease, 
because, although tluy are in rapid motion, they are all 
m.oving at the same rate and in tlie same <lirectioii. Now, 
su[)poso that the train jneets with a sudden check : — a 
disastei* is the consequence, and the quiet placidity of the 
occupants of the carriage is instantly at an end. 

Even if we su])poso that the carriage is not broken up 
and its occupants killed, yet they arc all in a violent 
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j^tate of oxcitoment ; tliose fronting the engine arc chiveu 
Avitli force against their opposite neighbours, ami are, no 
doubt, as forcibly rei)e.lle(l, each one taking care of liiin- 
self in the general scramble. Now, avo luwe only to sub- 
stitute particles fur persons, in order to obtain an idea of 
Avhat takes place Avhen percussion is converted into heat. 
AVe have, oi* suj>pose Ave have, in this act the same Aiolent 
collision of atoms, the same thrusting f >rwartl (.)f A u|)on 
B, and the same violence in pushing l)ack on the part <»f 
B — the same struggle, confusion, and excitement — the 
only difference bi*ing that particles are heated instead of 
human beijigs, or their tempers. 

54. AVo are bound to aek no av lodge that the pro(4' Avhicli 
Ave haA'c noAV given is not a direct one ; indeed, avo have, 
in our first chapter, explained the impossibility of our 
cA'er seeing these individual j>arlielos, or watching their 
movements ; and hence our pr(»of (»f the a>sertion that 
heat consists in sucli movomonts eanm>t |»ossii>ly be direct. 
AV e cannot see that it does so consist, but yet avo may 
feel sure, as reasonable beings, that we are right in our 
conjecture. 

In the argument noAV giA^en, avo Iiuat^ only two alter- 
natives to start Avitli — either heat must consist of a 
motion of particles, or, Avhen percussion or friction is con- 
verted into heat, a iieculiar substance called caloric must 
be created, fa* if heat be not a species of motion it must 
necessarily bo a s[iccios of matter. Now, avo have pre- 
ferred to consider heat as a syiecies of motion to the alter- 
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native of supposing the creation (;f a peculiar kind of 
matter. 

55. Ncjvertheless, it is desirable to have something to 
say to an (opponent wlio, rather than acknovvlerlge heat 
to be a species of motion, will allow the creation of matter. 
To such an one we would say that ininimoialde experi- 
ments vendi‘r it certain that a hot borly is not sensibly 
heavier than a cold one, so that if heat be a species of 
matter it is one that is not subject to tlie law of gi*avity. 
Ifwel»uni iron wire in oxygen gas, we are entitled to 
say tluit the iron conil)ine.s with the oxygen, because we 
know that tlie product is h(‘avicr than the original iron 
h}’' the v(jry amount uliich tlio gas has lost in weight. 
Eut tliore is no such i)roof that duihig combustion the 
iron has combined Avith a substance called caloric, and 
the al»s<.'nce of any such proof is cTiongh to entitle us to 
considei' heat to be a species of motion, rather than a 
sj)ecies of matter. 

J/cfU a liudnmrd and Forward Motion. 

5G. We shall now siij)pose that our )‘eaders have 
assented to our j)roi)osition that heat is a species of 
nioti«,n. It is almost unnecessary to ad<l that it must 
be a sj)ecios of l)ackward and Ibrward motion ; for 
nothing is moie cleai’ than that d heated substance is 
not ill raotion as a tvhoJe, and will not, if put upon a 
table, push its AVcaj" iVom the one end to the other. 

Mathematicians express tliis peculiarity by sayiiig that. 
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alUiouj^li tWve is violent internal motion amon*; tl\e V'Av- 
tick's, yet tlio centre of j^ravity ot‘ tke, snltstanee remains 
at rest; and since, for most purposes, we may suppose a 
body to act as if concentrated at its centre of gravity, wo 
may say tliat tbo Itody is at rest. 

57. Let ns here, before proceeding fuvtber, borrow an 
illustration from tliat brancli of physics which treats of 
sound. Suppose, for instance, that a man is accurately 
lialanced in a scale-pan, and that some water enters his 
ear; of course ho will hocomo heaviei' in conseipionce, 
and if the balance be sulliciently delicate, it will exhibit 
the dilferonce. But su}>poso a sound or a noise enters 
lus car, he may say with truth that something has ent(.Ted, 
l»ut yet that .something is not matter, nor will he becnme 
one whit heavier in consoqncnce of its entrance, and he 
will remain balanced as before. Now, a man into wbost^ 
ear sound has entereil may be compared to a subsUince 
into which heat has entered ; we may thi.'reforo supp<;se a 
heated hody to lx; similar in many respects to a sounding 
body, and just as the particles <.>f a sounding boily movi^ 
backwards and forwards, so wo, may suppose that the 
particles of a heated body do the same. 

We .shall take another opportunity (Art Biil) to enlarge 
upon this likeness ; but, meanwhile, wo shall suppose that 
our readers perceive the analogy. 
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Mdi h a. ni (ul Efpi i oif c n i o f ITm i. 

58. Wc have thus coiiie to the conclusion that when 
any heavy body, say a kilograniuio weiglit, sti-ikes tlie 
ground, the visible energy ot tlie kilograiume is changed 
into beat ; and now^, liaving establislied the fact of a re- 
lationship) between these two forms of energy, our next 
point is to ascertain aceonling to what law the heating 
effect de})ends upon the lieight of lalJ. Let ns, for in- 
stance, sa})poso that a kilogramme of water is allowed to 
dro|) from the height of 81<S metres, and that wo have 
the means of coidining to its own paiiiclos and rotaining 
ihei e the lieatiug cihict jiroduced. Now, we may suppose 
that its descent is accomplished in two stages ; tliat, first 
of all, it falls upon a platform from the height of 4-1* 
metres, and gets heate<l in conseijuence, ami that then 
(he lieatod mass is allowed to fall other 424 metres. It 
is clear that tlii) w ater w ill now^ he doubly heated ; or, in 
othfU' words, the beating (.‘Ifect in such a case will be pro- 
portional to the heiglit tln ongh whicli the l)ody falls — tliat 
is to say, it will be proportional to the actual energy wdiicli 
the body j)oss(‘.sses befoi*o the bloTv has changed this into 
heat. In fact, just as the actual energy re[)resentcd by a 
lall from a height is prop)ortioiial to the height, so is the 
heating effect, or molecular energy, into Avhich the actual 
^-'iicrgy is changed pwoportioiial to the height also. Having 
established this point, wc now wnsh to know through 
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how Hiany metres a kilogramme of water must fall in 
oi*dor to l:»e heated one degree centigrade. 

59. For a precise determination of this important 
j>oint, Ave are indebted to Dr. Joule, of Slanchester, who 
has, perhaps, done more than any one idsc to ]>iit the 
science of energy upon a sure foundation. Dr. Joule 
made numerous experiments, with the view of arriving 
at the exact relation l»etwcen mechanical energy and 
heat; that is to saj^ of determining the mechanical 
ecjuivalent of heat. In some of the most imj)ortant of 
tliese he took advantage of the fi-iction of fluids. 

60. These experiments were conducted in the following 
manner. A certain fixed weight was attached to a pulley, 
as in tlie figure. The weight had, of course, a ttndency 



to descend, and hence to turn the pulley round. Tlie 
pulley had its axle supported upon friction wheels, at / 
/, by means of which the friction caused by tlio 
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movement of the pulley was very much reduced. A 
string, passing over the circuniference of the pulley, was 
wrapped round r, so tliat, as the weiglit descended, the 
pulley moved round, and the string of the pulley caused 
r rotate very rapidly. Now, the motion of the axis r 
was conducted within the covered box 13, where there 
was attaclu'd to r a system of paddles, of which a sketch 
is given in figure ; and therefore, as r moved, these 
paddles moved also. There were, altogether, eight sets 
of these paddles revolving between four stationary vanes. 
If, therefore, the box were full of liquid, the paddles and 
the vanes togeth(u- would chum it about, for tliese sta- 
tionary. vanes would prevent the liquid being carried 
along by the ])addlos in the direction of rotation. 

Now, in this exjieriment, the weight was made to 
descend through a certain fixed distance, which was 
accurately measured. As it descended, the paddles were 
set in motion, and the energy of the descending weight 
was thus made to churn, and hence to heat some water 
contained in the box B. When the weight had descended 
a certain distance, by undoing a small peg p, it could be 
wound up Jigain without moving the paddies in B, and 
thus tlie heating effect of several falls of the Aveight 
could be accumulated until this became so great as to bo 
eai)al)le of being accurately measured by a thermometer, 
ft ought to l>e mentioned that great care Avas taken in 
these experiments, not only to reduce the friction of the 
axles of the pulley as much as possible, but also to 
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estimate aud correct for tins iVictioii as accurately as 
possible ; in iact, every precaution was taken toiJiak<j the 
experiment succes.sful. 

Gl. Other ex}>eriinents were made by Jonh', in some of 
which a disc was made to rotate against another disc of 
cast-iron j)rcssed against it, the wliolc arrangement being 
immersed in a cast-iron vessel filled with mercury. 
Fi-om all these expei inients. Dr. Joule concluded that the 
quantity of heat produced by friction, if we can ])reserve 
and accurately measure it, will always be found ])roi»or- 
tional to the quant ity of work c\\pended. lie ex))i‘e.ssed 
tills proportion by stating the numl)er of units of woi-k in 
kilogrammetres necessary to raise by 1*' C. the tenqiera- 
turc of one kilogramme of water. Tlii.s w^as 4121, as 
determined by his last and most complete exiieriments; 
and hence we raaj" conclinle that if a kilogramme of 
water be allowed to fall through 424 mcti’es, and if its 
motion Ik? then suddenly stopped, sufHcient heat will be 
generated to raise the temperature of the watei' through 
V C., and so on, in the same proportion. 

G2. Now, if we take the kilogi’ammetre as onr unit of 
work, and the heat necessary to raise a kilogramme of 
water V C. as onr unit of heat, this proportion may be 
expressed hy saying that one heat unit is equal to 424 
units of vjork 

Tins number is frequently spoken of as the mechanical 
i-quivalent of heat ; and in scientific treatises it is 
denoted by J., the initial of Dr. Joule s name. 
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63. We have now stated the exact velationsliip that 
subsists between rncclianical energy and heat, and before 
proceeding further with proofs of the great law of con- 
servation, Avc sluill endeavour to make our readers 
jiccpiaiiitcd witli other varieties of energy, on the gi'ound 
that it is necessary to penetrate the various disguises 
that our magician assumes before we can pretend to 
(‘xplain the principles that actuate him in his trans- 
Ibrmatioiis, 
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CHArTEit iir. 

THE FOnCES AND EXERaiES OF NATURE: 

THE LAW OF CONSERVATION. 

64-. In the last chapter we introduced our readers to 
two varieties of (‘uorgy, one of them visilde, and the other 
invisible or molecular ; and it will now be our duty to 
search thixaigh the wliole field of pliysical science for 
other varieties. Hei*c it is well to boar in mind that all 
energy consists of two kinds, that oi position and that of 
oxtual motion, and also that this distinction liolds for 
invisiWe molecular energy just as truly as it does for that 
which is visil)l<\ Now, energy of position implies a body 
in a position of a<lvantage with respect to some force, and 
liencc we may with propriety l)egin our search by 
investigating the various forces of nature, 

GnvAtaiion. 

C5. The most general, and perhaps the most important., 
of these forces is and the law of action of this 
force may l)e enunciated as fdlows : — Evary pavikhof 
the universe attracts every other parlkle v:ith a force 
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dqnmdlng jointly upon the mass of the attracting and 
of the attracted particle, and vojrying inversely as the 
square of distance hctivcen the two. A little explanation 
will make this plain. 

STi})po.se a particle or system of particles of which 
the mass is unity to be placed at a distance equal to unity 
iV()in anothej‘ particle or system of particles of Avhich the 
iiiass is also unity — the two will attract each other. Let us 
agree to consider the mutual attraction between them 
e qual to unity also. 

Sup])Ose, now, that we have on the one side two such 
systems witli a niass re})rcsented by 2, and on the other 
side the same system as before, with a mass repre- 
sented by unity, tlie distance, meanwhile, remaining 
umiltered. It is clear the double system will now attract 
the single system with a twofold force. Let us next 
sujqjose the mass of both systems to be doubled, the 
distance always ri-maining the same. It is clear that we 
shall now have a fourfold force, each unit of the one 
system attracting each unit of the other. In like manner, 
if the mass of the one system is 2, and that of the other 
3, the force will be G. Wc may, for instance, call the 
components of the one system A^ and those of 

the other A A A and wc shall have A pulled towards 

-l (y 1 

A A, and A with a threefold force, and A 2 )ulled 

3 4 5 2 

towards A^ A, and A, with a threefold force, making 
altogether a force equal to 6. 
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In the next place, let the masses remain unaltered, but 
let the distance between them be doubled, then the force 
will be reduced fourfold. Let the distance be tripled, 
then the force will be reduced ninefold, and so on. 

66. Gravitation may be described as a very weak force, 
capable of acting at a distance, or at least of appearing 
to do so. It takes the mass of the whole earth to pro- 
duce the force with which wc arc so familiar at its 
surface, and the presence of a large mass of rock or 
mountain docs not produce any apprecialde difference in 
the \veight of any substance. It is the gravitation of the 
earth, lessened of course by distance, which acts upon 
the moon 240,000 miles away, and the givavitation of the 
sun influences in like manner the earth and the vaiious 
other planets of our system. 


El a. Stic Forces. 

67. Elastic forces, although in their mode of action 
very different from gravity, arc yet due to visible 
arrangements of matter ; thus, when a cross-bow is bent, 
there is a visible change produced in the ))ow, which, as a 
whole, resists this bending, and tends to resume its 
])revious position. It therefore rccpiircs energy to bend 
a bow, just as truly and visibly as it does to raise a 
weight above the earth, and elasticity is, therefore, as 
truly a species of force as gravity is. Wc shall not here 
attempt to discuss the \'arious ways in which this forces 
may act, or in which a solid elastic substance will resist 
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all attempts to defonn it ; but in all cases it is clearly 
manifest that work must be spent upon the body, and the 
force of elasticity must be encountered and overcome 
throughout a certain space before any sensible deforma- 
tion can take place. 


Force of Cohesion. 

68. Let us now leave the forces which animate large 
masses of matter, and proceed to discuss those whicli 
subsist between the smaller particles of which these large 
masses arc composed. And licre we must say one word 
more about molecules and atoms, and the distinction we 
feel ourselves entitled to draw between these very small 
bodies, even altliough we shall never be able to see either 
the one or the other. 

In our first chapter (Art. 7) we supposed the continual 
sub-division of a grain of sand until we had anived at 
the smallest entity retaining all the properties of sand 
— this we called a molecule, and nothing smaller than 
this is entitled to be called sand. If we continue this 
sub-division further, the molecule of sand separates itself 
into its chemical constituents, consisting of silicon on 
the one side, and oxygen on the other. Thus we amve 
at last at the smallest body which can call itself silicon, 
and the smallest which can call itself oxygen, and we 
liave no reason to suppose that either of these is capable 
of sub-division into something else, since we regard 
‘oxygen and silicon as elementaiy or simple bodies. Now, 
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these constituents of the silicon molecule are called atoms, 
so that wo say tlie saiul moloculo is divisible into atoms 
of silicon and of oxygen. Furtliennore, wc have stiong 
reason for su|)])Osiiig that such molecules and atoms really 
exist, but into the arguments for their existence we can- 
not now cuter — it is one of those things that we must 
ask our readers to take for granted. 

G9. Let us now take two molecules of sand. These, 
when near together, have a very strong attraction f'or 
each other. It is, in truth, this attraction which renders 
it difficult to bi-eak up a crystalline particle of sand oi* 
rock crystal. But it is only exerted when the molecules 
ai’e neai' enough together to form a homogeneous ciystal- 
line structure, for let the distance between tliem bo some- 
what increased, and wc find that all attraction entirely 
vanishes. Thus there is little or no attraction between 
different particles of sand, even althougli they arc very 
closely packed together. In like manner, the integrity 
of a piece of glass is due to the attraction between its 
molecules ; but let these be separated by a flaw, and it 
will soon be found that this very small increase of dis- 
tance greatly diminishes the attraction between the par- 
ticles, and that the structure will now fall to pieces from 
the slightest cause. Now, these examples ai'c sufficient 
to show that molecular attraction or cohesion, as this is 
called, is a force which acts very powerfully through a 
certain small distance, but which vanishes altogethei* 
when this distance becomes perceptible. Cohesion is 
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strongest in solids, wliile in liquids it is much diminished, 
and in gases it may be said to vanish altogether. The 
molecules of gases are, in truth, so far away from one 
another, as to liavo little or no mutual attraction, a fact 
proved l)y Dr. Joule, w hose name was mentioned in the 
last chapter. 


Force of Chemical Affinity. 

70. Let us now consider the mutual forces between 
atoms. Those may be characterized as even stronger 
tliaii tlie forces between molecules, but as disappearing 
still more rapidly when the distance is increased. Let 
us, foi‘ instance, take carbon and oxygon — two substances 
which are ready to combine together to form carbonic 
acid, whenever they have a suitable opportunity. In 
this case, each atom of carbon will unite with two of 
oxygen, and the result will be something quite different 
iroiii either. Yet under ordinary circumstances carbon, or 
its representative, coal, Avill remain unchanged in the 
presence of oxygen, or of atmospheric air containing 
oxygen. There will be no tendency to combine together, 
because although the particles of the oxygen WTUild appear 
to be in immediate contact wuth those of the carbon, 
yet the nearness is not sufficient to permit of chemical 
affinity acting with advantage. When, however, the 
nearness becomes sufficient, then chemical affinity begins 
to operate. We have, in fact, the familiar act of com- 
bustion, and, as its consequence, the chemical union of the 
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carbon or coal with the oxygen of the air, carbonic acid 
being the result. Here, then, we have a very powerful 
force acting only at a very small distance, which we 
name chemical affi.nity, inasmuch as it represents the 
attraction exerted between atoms of different bodies in 
contradistinction to cohesion, which denotes the attraction 
between molecules of the same body. 

71. If we regard gravitation as the representative of 
forces that act or appear to act, at a distance, we may 
regard cohesion and chemical affinity as the representa- 
tives of those forces which, although very powerful, only 
act or apj)eai' to act through a very small interval of 
distance. 

A little reflection will .show us how inconvenient it 
would be if gravitation dimini.shcd very rapidly with the 
distance ; for then even supposing that the bond which 
retains us to the eaiTh were to hold good, that which 
retains the moon to the earth raiglit vanish entirely, as 
well as that which retains the earth to the .sun, and the 
consequences would be far from pleasant. Reflection 
will also show as how inconvenient it would be if 
chemical aflinity existed at all distances; if coal, for 
instance, were to combine with oxygen without the ap- 
plication of heat, it would greatly alter the value of this 
fuel to mankind, and would materially check the progress 
of human industry. 



THE FOIiCES AND KNEIKJIES OF NATURE. 


65 


Refiruirhs on Molecidar ami Atorak Forces. 

72. Now, it is important to remember tliat wc must 
treat cohesion and chemical affinity exactly in the same 
way as gravity has been treated ; and just as we have 
energy of position with respect to gravity, so may we 
have as truly a species of energy of position with 
respect to cohesion and chemical affinity. Let us 
begin with cohesion. 

73. We have hitherto regarded heat as a peculiar 
motion of the molecules of matter, without any reference 
to the force which iictuates these molecules. But it is 
a well-known fact that bodies in general expand when 
heated, so that, in virtue of this expansion, the molecules 
of a body arc driven violently apart against the force of 
cohesion. Work has in truth been done against this 
force, /just as truly as, when a kilogi’amme is raised from 
the earth, work is done against the force of gravity. 
\Vhen a substance is heated, we may, therefore, suppose 
that the heat has a twofold office to perform, part of it 
going to increase the actual [motions of the molecules, 
and part of it to separate these molecules fi*om one 
anothei- against the force of cohesion. Thus, if I swing 
round horizontally a weight (attached to my hand by 
an elastic thread of india-rubber), my energy Avill bo 
spent in two ways — first of all, it will be spent in com- 
Tuunicating a velocity to the weight ; and, secondly, in 
stretching the india-rubber string, by means of the 
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centrifugal tendency of the weight. Work will he done 
against the elastic force of the string, as well as spent 
in increasing the motion of the weight. 

Now, something of this kind may be taking place 
when a body is lieated, for wo may veiy well suppose 
heat to consist of a vertical or circular motion, the ten- 
dency of which would bo to drive the particles asunder 
against the force of cohesion. Part, tln'roforo, of the 
energy of heat will be spent in augmenting the motion, 
and part in di'iving asunder the particles. We may, 
however, suppose that, in ordinary cases, the great pro- 
portion of the energy of heat goes towards increasing 
the molecular motion, rather than in doing work against 
the force of cohesion. 

74f. In certain cases, however, it is probable that the 
gi'eater part of the heat applied is spent in doing work 
against molecular forces, instead of increasing the 
motions of molecules. 

Thus, when a solid melts, or when a liquid is rendered 
gaseous, a considerable amount of heat is spent in the 
process, which does not become sensible, that is to say, 
does not affect the thermometer. Thus, in order to melt 
a kilogramme of ice, heat is required sufficient to raise 
a kilogramme of water through 80'^ C., and yet, when 
melted, the water is no warmer tlian the ice. We ex- 
press this fact by saying that the latent heat of water 
is 80. Again, if a kilogramme of water at lOO'^ be con- 
verted entirely into steam, as much heat is required as 
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would raise the water through 537'" C., or 537 kilogrammes 
of wat('r tlirougli one degree ; but yet the stcran is no 
hotter than the water, and we express this fact by saying 
that the latent heat of steam is 537. Now, in botli of 
these instances it is at least extremely probable that 
a large portion of the heat is spent in doing work against 
the force of cohesion ; and, more especially, when a fluid 
is converted into a gas, we know that the molecules are 
in that process separated so far from one another as to 
lose entirely any trace of mutual force. We may, there- 
fore, conclude that although in most cases the greater 
portion of the heat applied to a body is spent in in- 
creasing its molecular motion, and only a small part in 
doing work "against cohesion, yet when a solid melts, or 
a liipiid vaiiorizes, a large portion of the heat required is 
not improbably spent in doing work against molecular 
forces. But the energy, though spent, is not lost, for 
when the liciuid again freezes, or when the vapour again 
condenses, this energy is once more transformed into the 
shape of sensible heat, just as when a stone is dropped 
from the top of a house, its energy of position is trans- 
formed once more into actual energy. 

75. A single instance will suffice to give our readers a 
notion of the strength of molecular forces. If a bar of 
wrought iron, whose temperature is 10° C. above that 
of the surrounding medium, be tightly secured at its 
extremities, it will draw these together with a force of at 
least one ton for each square inch of section. In some 
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cases where a Iniikling has shown signs of bulging out- 
wards, iron bars have been jdaced across it, and secured 
while in a heated state to tlie walls. On cooling, the, 
iron contracted with gi’eat force, and the walls were 
thereby pulled together. 

76. Wc ai*e next brought to consider atomic forces, or 
those which lead to chemical union, and now let us set* 
how these ai-e influenced by heat. We have seen that 
heat causes a sej)aiation betw’^een the molecules of a 
body, that is to say, it increases the distance between 
tw'o contiguous molecules, but wc mirst not ,su[)pose that , 
meanwhile, the molecules themselves arc Lift unaltered. 

The tendenej' of heat to cause separation is not confined 
to increasing the distance between molecules, but acts 
also, no doubt, in increasing the distance between parts 
of the same molecule; in fact, the energy of heat is spent 
in pulling the constituent atoms asunder against the forc(* 
(;f chemical affinity, as w^ell as in ])ulling tlic molecules 
asunder against the force of cohesion, so that, at a very 
high temperature, it is in’obablc that most chemical com- 
pounds would be decom})Oscd, and many are so, even at a 
very moderate heat, 

Tims the attraction between oxygen and silver is so 
slight that at a comparatively low tem})eraturo thtj oxide 
of silver is decv)m])os('d. In like manner, limestone, or 
carbonate of lime, is decom})oscd when sulyected to the 
heat of a lime-kiln, carbonic acid l)eiiig given off, whih; 
quick-lime remains behind. Now, in sej)arating lietcro- 
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gcneous atoms against the powerful force of chemical 
affinity, work is done as truly as it is in separating molecules 
from one another against the force of cohesion, or in separ- 
ating a stone from the earth against the force of gravity. 

77. Heat, as we have seen, is very frequently influential 
in perfoming this separation, and its energy is spent in 
so doing; hut other energetic agents produce chemical 
decomposition as well as heat. For instance, certain rays 
of the sun decompose carbonic acid into carbon and 
oxygen in the leaves of plants, and tlieir energy is spent 
in the process ; that is to say, it is spent in pulling 
asunder two such powerfully attracting substances against 
the affinity they have for one anotlier. And, again, the 
olectrid current is able to decompose certain substances, 
and of course its energy is spent in the process. 

Therefore, whenever two powerfully attracting atoms 
are separated, energy is spent in causing this separation 
as truly as in separating a stone from the earth, and 
when once the separation has been accomplished we have 
a species of energy of position just as truly as we have in 
a head of water, or in a stone at the top of a house. 

78. It is tliis chemical separation that is meant when 
we speak of coal as a source of energy. Coal, or carbon, 
has a great attraction for oxygen, and whenever heat is 
applied the two bodies unite together. Now oxygen, as 
it exists in the atmosphere, is the common inheritance of 
all, and if, in addition to this, some of us possess coal in 
our ccllare, or in pits, we have thus secured a store of 
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energy of position 'vvliich we can draw upon with more 
facility than if it were a head of water, for, altl'.ongii wo 
can draw upon the energy of a head of water wlienover 
we choose, j^ot wc cannot carry it about \\'itli ns from 
I^laco to place, as we can witli coal We thus perceive 
that it is not the coal, )»y itself, that forms the source of 
energy, but tins is due to the fact that wo have coal, or 
carbon, in one place, and oxygen in anotlior, Avhile wo 
have also the means of causing them to unite witli each 
other whenever we wi>sh. If there were no oxygen in 
the air, coal l)y itself would be of no value. 

Electricity : Us Propcrlks. 

79. Our readers have now boon told about the force 
of cohesion that exists lietween molecules of the same 
body, and also about tliat of chemical allinity existing 
between atoms of dilfereiit bodies. Now, heterogomuty 
is an essential element of this latter force — there must 
be a difference of some kind before it can exhibit itself — 
and under these circumstances its exhibitions are fre- 
quently characterized by very extraordinary and interest- 
ing phenomena. 

We allucle to that peculiar exhibition arising out of the 
forces of heterogenous bodies which wc call electricity, 
and, before proceeding further, it may not be riut of place 
to give a short sketch of the mode of action of this very 
mysterious, but most interesting, agent. 

80. The science of electricity is of very ancient origin ; 
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but its beginning was very small. For a couple of thou- 
sand years it made little or no progress, and then, during 
the course of little more than a century, developed into 
the giant which it now is. The ancient Greeks were 
aware that ainl)er, when rubbed with silk, had the pro- 
perty of attracting light bodies ; and Dr. Gilbert, about 
three hundred years ago, showed that many other things, 
such as sul[)hur, sealing-wax, and glass, have the same 
property as amber. 

In the progress of the science it came to be known 
that certain substances are able to carry away the 
l)oculiar influence pi’oduced, while others are unable to 
do so; the former are called covductors, and the latter 
non-conductors, or insulaiors, of electricity. To make 
the distinction apparent, let us take a metal rod, having 
a glass stem attached to it, and rub the glass stem with 
a piece of silk, care being taken that both silk and glass 
are warm and dry. We shall find that the glass has now 
acquired the property of attracting little bits of paper, or 
elder pith ; but only where it lias been rubbed, for the 
peculiar influence acquired by the glass has not been able 
to spread itself over the surface. 

If, however, we take hold of the glass stem, and rub 
the metal rod, we may, perhaps, produce the same pro- 
perty in the metal, but it will spread over the whole, not 
confining itself to the part rubbed. Thus we perceive 
tliat metal is a conductor, while glass is an insulator, or 
noil -conductor, of electricity. 
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81. We would next observe that this i/njluence is of 
tivo kinds. To prove this, let us perform tlie following 

experiment. Let us suspend 
a small pith ball by a very 
slender silk thread, as in Fig. 5. 
Next, let us rub a stick of 
warm, dry glass with a 
piece of wanii silk, and with 
this excited stick touch the 
pith ball. The pith ball, after 
being touclie J, will be repelled 
by the excited glass. Let us 
next excite, in a similar man- 
ner, a stick of dry sealing-wax with a piece of wann, dry 
flannel, and on approaching this stick to the pith ball it 
will attract it, although the ball, in its present state, is 
repelled by the excited glass. 

Thus a pith ball, touched by excited glass, is repelled 
by excited glass, but attracted by excited sealing-wax. 

In like manner, it miglit be shown tliat a jnth ball, 
touched by excited sealing-wax, will bo afterwards re- 
pelled by excited sealing-wax, but attracted by excited 
glass. 

Now, what the excited glass did to the ])itli ball wa^ 
to communicate to it part of its own influence, after 
wliich the ball was repelled by tlie glass ; or, in other 
words, bodies charged ivith bindlar electricities repel one 
another. 
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Again, since tlie pith ball, wlieri charged with the elec- 
tricity from glass, was attracted to the electrified sealing- 
wax, we conclude that bodies charged %vith unlilce elec- 
tricities attract one another. The electricity from glass 
is sometimes called vitreous, and that from sealing-wax 
resinous, electricity, but more frequently the foimer is 
knoAvn as jpo.9i7k’^?,and the latter as negative, — 

it being Understood that these words do not imply the 
possession of a positive nature by the one influence, or 
of a negative nature by the othei', but aie merely terms 
employed to express the apparent antagonism which 
exists between the two kinds of electricity. 

82. The next point worthy of notice is that whenever 
one electrkitg is produced, just as much is produced of 
an opposite description. Thus, in the case of glass 
excited by silk, we have positive electricity developed 
upon the glass, wdiile we have also negative electricity 
developed upon the silk to precisely tlie same extent. And, 
again, when.,sealing-wax is rubbed with flannel, we have 
negative electricity developed upon the sealing-wax, and 
just as much positive upon the flannel. 

83. These facts have given rise to a theory of elec- 
tricity, or at least to a method of regarding^it, which, if 
not absolutely correct, seems yet to unite together the 
various phenomena. According to this hypothesis, a 
neutral, unexcited body is supposed to contain a store 
of the two electricities combined together, so that when- 
ever such a body is excited, a separation is produced 
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between the two. The plienomena which we have 
described are, therefore, due to this electrical separation, 
and inasmuch as the two electricities have a great affinity 
for one another, it requires the expenditure of energy to 
produce this separation, just as truly as it does to scpai’ate 
a stone from the earth. 

81. Now, it is worthy of note that electrical separa- 
tion is only p^roduceJj when heterogeneous bodies are 
nibbed together. Thus, if flannel bo rubbed upon glass, 
we Iiave electricity ; but if flannel be rubbed upon glass 
covered with flannel, we have none. In like manner, if 
silk be rubbed upon sealing-wax covered with silk, or, in 
fine, if two portions of the same substance be rubbed 
together, wo have no electricity. 

On the otlier liand, a very slight difference of texture 
is sometimes sufficient to produce electrical separation. 
Thus, if two pieces of the same silk ribbon be rubbed 
together lengthwise, wc have no electricity ; but if tliey 
be rubbed across each other, the one is positively, and the 
other negatively, electrified. 

In fact, this element of heterogeneity is an aU impor- 
tant one in electrical development, and this leads us to 
conjecture tliat eleeirical aitraxiion may lyrobably be 
regarded as p>ccidiarly allied to that force ^vliich we call 
chemical affinity. At any rate, electricity and chemical 
affinity are only manifested between bodies that are, in 
some respects, dissimilar. 

8*7. The following is a list of bodies arranged according 
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to the electricity wliich tlioy develop when riib}>cd to- 
yctlicr, each suhstance being pcjsitively electrified when 
j ubbed with any substance beneath it in the list. 


1. 

Cat\s skin. 

8. Resin. 

2. 

Flannel. 

9. Metals. 

3. 

Ivory. 

10. Sulphur. 

4. 

Class. 

11. Caoutchouc. 

5. 

Silk. 

1 2. 0 utta-])ercha. 

6. 

AVood. 

13. Gun-cotton. 

7. 

Shellac. 



Tims, if resin be rul>bed with cats skin, or with 
flannel, the cat’s skin or flannel will l)c positively, and 
tlio resin negatively, electrified; while if glass lie rubbed 
with silk, tlie glass will be positively, and the silk nega- 
tively, cloetrifiod, and so on. 

80. It is iH)t our purpose here to describe at length the 
electriad machlnCy l>ut wo may state that it consists of 
two parts, one for generating electricity l»y moans of the 
friction of a rul)ber against glass, and another consisting 
of a system of brass tubes, of considerable surface, siip- 
l)ortod on glass stems, for collecting and retaining tlie 
electricity so produced. This latter part of the machine 
is called its prime conduct 07\ 

Electric Induction. 

87. Let us now suppose that we have set in action a 
machine of tbia kind, and accumulated a coiisiderablo 

F 
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quantity of positive electricity in its prime conductor at 
A. Let us next take two vessels, B and c, made of brass 



^u})ported on glass stems. These two vt^ssels are suiv 
|)Osed to be in contact, but at the same tune to be 
capable of being separated from one another at their 
middle point, where the line is drawn in Fig. (>. 
Isow let us cause B and c to approach A together. At 
first, B and c arc not electrified, that is to say, their two 
electricities are not separated from each otlior, lait are 
mixed together; but mark what will ha]>peM as they 
are pushed towards A. The positive electricity of A will 
decompose the two electricities of b and r, aiii’aeting the 
negative towards itself, and repelling the positive as far 
away as possible. The di.sposition of electricities will, 
therefore, be as in the figure. If we now pull c aw^ay 
from B, w’e have obtained a quantity of positive elec- 
tricity on c, by help of the original electricity which was 
in A; in fact, we have made use of the original stock or 
electrical capital in A, in order to obtain positive elec- 
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fciicity in c, without, however, diminishing the amount 
of our original stock. Now, this distant action or help, 
rendered by the original electricity in separating that of 
B and o, is called electric induction. 

88. The experiment may, however, bo performed in a 
somewhat difl'orent manner — we may allow B and c to 
remain together, and gimlually push them nearer to A. 
As B and c approach A, the separation of their electricities 
will become greater and greater, until, when A and B are 
only divided by a small thickness of air, the two opposite 
electricities then accumulated will have sufficient streneth 
to rush together through the air, and unite with eacli 
other by means of a spark. 

89. The princiiile of induction may bo used with ad- 
vantage, wlieri it is wished to accujiiulate a large quantity 
of electricity. 

In this ease, an iiistriirnent called a Leyden jar is very 
frei|uently employed. It consists of a glass jar, coated 
inside and outside with tin foil, as in 
Fig. 7. A brass ro<l, having a knob at 
tlie end of it, is connected metallically 
with the inside coating, and is kept in 
its jdace by being passed throng! i a 
cork, wliicli covers tlie mouth of the 
jar. Wc have thus two inetallio 
coatings wliicli are not electrically Fig. 7. 

connected with one another. Now, in order to charge 
a jar of this kind, let the outside coating be con- 
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nccted by a cliaiii Avitli the earth, wliile at tlio same 
time positive electricity from the jniine conductor of 
an electrical luaclnne is coinmmiicated to the insiile knob. 

The pu>sitive oloctrielty will aceinnulatc on the inside 
coating Avitli which the knob is connected. It will then 
decompose the two olectiicities of tlu'. outside coating, 
driving tlie posilive electricity to the earth, and there 
dissipating it, but attracting the negative to itself. There 
will thus be positive electricity on the insi<le, and 
negative on tlie outside coating. 'J'hese two electricities 
may be coinjiared to two hostile armies wateliing each 
other, and very anxious to get togetljer, wliilo, however, 
they are separated from one another ly means of an 
insiinnountable obstacle. They will thus lemain facing 
oacli otlier, and at tlieir posts, while oacli side is, mean- 
while, being reernited l.»y the same Ojunaiion as before. 
Wo may by this means accumulate a wist (juaiiiity of 
op]X)site electricities on tlie two coatings <;f such a jar, 
and they will rv‘niaiii tliere for a long time, < .sjKjcially if 
the surrounding atmosphere and the glass surlaco of tlio 
jar be quite dry. Wlien, however, electric connection of 
any kind is mad(3 between the two coatings, tlie ehc- 
tricities rusli together and unite Avitli one tui(»ther in the 
shape of ti spark, wliile if tlie human liody be the instni- 
rnent of connecting tliem a severe sliock will be felt. 

90. It would tlms appear tliat, wlien two bodies 
charged with opposite electricities arc brought neai* 
each other, the two electricities rusli together, forming 
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a current, and tlie ultimate result is a spark. Now, 
tliis spark im})lios lioat, and is, in trntli, nothing else 
than small i)articles of intensely heated ruattcr of some 
kind. We have liere, thcrofoie, first of all, the conversion 
of electrical separation into a current of electricity, and, 
secondly, the conversion of this current into heat. In 
this case, liowever, the cuiTcnt lasts only a very small 
time ; the discharge, as it is called, of a Leyden jar being 
probably accomplished in ^th of a second. 

Tli6 Elect ric Current 

91. In oth(‘r cases we have electrical currents which, 
although not so i)owerful as that produced l)y discharging 
a Leyden Jar, yc^t last longer, and arc, in fact, continuous 
instead of momentary. 

We may sec a similar difference in the case of visible 
energy. Thus we niight, by means of gunpowder, send 
up in a moment an cnoiTiious mass of water; or we 
miglit, by means of a fountain, send uj> the same mass 
in the coui’se of time, and in a very much quieter 
manner. We have the same sort of difference in electrical 
i-lischargcs, and having spoken of the rushing together of 
two opposite electricities l>y means of an explosion and 
a spark, let us now sj^eak of the eiiiineritly quiet and 
effective voltaic current, in which wo have a continuous 
coming together of tlu? same two agents. 

02. It is not our object here to give a complete de- 
scri})tion, cither historical or scientific, of the voltaic 
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battciy, but rather to give such an account as will 
enable our readers to uiidei'staiul what the arrangeineiit 
is, and what sort of ellect it produces ; and with this 
object we shall at once proceed to describe the battery 
of Grove, wliich is perha})s the most eflicacious of all the 
various arraiigenients for the purpose of producing an 
electric current. In this battery we have a number of 
cells connected toge- 
ther, as in Fig. 8, 
which shows a battery 
of three cells. Each 
cell consists of two 
vessels, an outer and Fig. s. 

an inner one; the outer vessel being made of glass 
or ordinary stone ware, while the inner one is made 
of unglazed porcelain, and is therefore porou.s. The 
outer vessel is filled with dilute suljdiuric acid, and a 
plate of amalgamated zinc—that is to sny, of metallic 
zinc having its outer surfoce brightened with mercury, — 
is iinnier.scd in this acid. Again, in the inner or porous 
ves.sel we have strong nitric acid, in which a plate of 
platinum foil is immersed, this being at tlie same time elec- 
trically connected with tlie zinc [)late of the next outer 
vessel, by means of a clamp, as in tlie figure. Both metals 
must be clean wliere they are prc.sscd together, tliat is to 
say, the true metallic surfaces of Loth must be in contact. 
Finally, a wii’O is metallically connected with the plati- 
num of the left-hand cell, and a similar wdre with the 
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zinc of the right-hcancl cell, and these connecting wires 
ought, excci)t at their extremities, to be covered over 
with gutta-perclia or thread. The loose extremities of 
these wires are called the poles of the battery. 

93. Let ns now suppose that we have a battery con- 
taining a good many cells of this description, and let the 
wlicJe arrangement l)c insulated, by being set upon glass 
.su[»j)orts, or otherwise separated from the eaith. If now 
Ave test, by appropriate methods, the extremity of the 
wire connected Avith the left-hand platinum plate, it Avill 
be found to be charged with positive electricity, Avhile 
the extremity of the other Avire will be found charged 
with n(>gative electricity^ 

91. In the next place, if we connect these poles of the 
battery Avith one another, the tAvo electricities Avill rush 
together and unite, or, in other aa^oixIs, there Avill be an 
electric current ; but it Avill not be a momentary but a 
continuous one, and for some time, provided these poles 
are kept togetlier, a current of electricity will pass through 
tlie Avircs, and indeed through the AAdiole arrangement, 
including the cells. 

Tl)c direction of the current Avill be such that positive 
electriciiy may he suj)posed to from the zinc to the 
platinuTii, throuyh the lifjuid ; and bach again through 
the ioire,f rom the plat mum at the left hand, to the zinc 
(li the right ; in fact, to go in the direction indicated by 
the arroAV-head. 

95. Thus Ave have two things. In the first place, before 
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the two terminals, or poles, have been brought togcthe?, 
we have them charged with opposite electricities ; and, 
secondly, when once they have l.>eeii brought together, \ve 
have the production of* a continuous current of electricity. 
Now, this current is an energetic agent, in proof of wliich 
we shall proceed to consider the various properties which 
it has, — the various things which it can do. 

Its MagnetiG Efecfs. 

06. In the first place, it can dejlect the magnetic needle. 
For instance, let a compass needle be swung freely, and 
let a current of electricity circulate along a wire phicod 
near this needle, and in the direction of its length, then 
the direction in which the needle points will bo imme- 
diately altered. This direction will now depend upon that 
01 the current, conveyed by the wire, and the iioedlo will 
endeavour to place itself at right angles to this wire. 

Ill order to remember the connection between tlie 
<lircction of the current ainl that of the magnet, imagine 
your body t«jfoi*m part of the p<j.sitivo cuiTeiit, which may 
ijc supposed to enter in at your heael, and go out at your 
feet ; also, imagine that your face is turned towards the 
magnet. In this case, tlie polo of the magnet, which 
points to the north, will aJwciys be defiecttnl by the cur- 
rent towards your rigid hand. The strengtli of a current 
may bo measured l)y tlic amount of the deflection it pro- 
duces upon a magnetic needle, and the instrument by which 
this measurement is made is called a galvanometer. 
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97. In the next place, ihe current is ahle, not merely 
to deflect a mai^net, hut alr^o to render so^t cron aetcc 
Let us take, for instance, the wire 
connected with tlio one pole of the 
batteiy, and cover it wdth tliroad, in 
order to insulate it ami let us WTap 
this wire round st cylinder of soft 
iron, as in Fig. 9. If we now 
make a coininmiication heiween the 
other extremity of the wire, and 
tlie other ])ole of the battoy, so as 
to make the current pass, it will be 
found that our cylinder of soft iron 
has becojiic a powerful magnet, and that if an iron 
keeper bo attached to it as in tlie flgure, the keeper 
will be able to sustain a very great weight. 

Its Ueating Effect 

98. Tlic electric current his lilevAse the pi'operty of 

heativii a u:l re through u'hich it To prove this, 

let us connect the two j^olos of a battery by means of a 
line platinum wire, when it will be found that the wire 
will, in a few seconds, become heated to redness. In 
[)oint of fact, the curnmt will heat a thick wdre, but not 
so much as a thin one, for avc may suppose it to rush with 
great violenee tlu'ough the limited section of the thin 
wire, producing in its passage great heat 



Fig. 9. 
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Its Chfrmical Effecf. 

99. BcNiclcs its niagnotie and heating efl'octs, the current 
has also the jmvcr of (leconqyosinfj conipounil suhstances, 
nndor certain conditions. Suppose, tor instance, that tlio 
poles of a battery, instea<l of being brought together, ai*o 
plunged into a vessel of water, d«'coin position will at once 
begin, and small bubbles of oxygen v ill rise from the 
jHisitivo pole, whil(> small bubldes of hydrogen will make 
their appearance at the negative. If the two gases are 
collected together in a vessel, they ma\' bo exploded, and 
if collected sei)arati‘l\% it may be proved by the ordinary 
tests, that the one is oxygen and the other ]i}’drogen. 

Aifracfhm and Repulsion of Currents, 

100. We have now described very shortly the magnetic, 
tlic heating, and the chemical ejects of currents ; it 
remains for us to describe th(3 effects of currents upon 
one anotlier. 

In the first ]»lace, supi)osc that we have two win’s 
which are parallel to one another, and carry currents 
going in the same direction; and let us furtlicr su{»pose 
that these wires are capable of moving, then it is fouiul 
that they will attract one another. If, however, the 
wires, although ])aral] el, convey currents going in opposite 
directions, tliey will then repel one another. A good way 
of showing this experimentally is to cause two circular 
currents to float on water. If these currents both go 
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cither in the same direction as the hands of a watch, 
or in the opposite direction, then the two will attract 
one another; but if the one goes in the one direction, 
and the other in the other, they will then repel one 
another. 

Aifrarfwn and Re}nilsion of Mwj nets. 

101. Ampere, who discovered this property of currents, 
lias likewise shown us that in very many respects a 
magnet may be likened to a collection of circular currents 
all paralhd to one another, their direction being such that, 
if you look towards the north polo of a freely suspended 
cylindrical magnet facing it, the positive current will 
descend on the east or leftdiand side, and ascend on the 
west or right-hand side. If we adopt tliis method of 
viewing magnets, Ave can easily account for the attraction 
between the unlike and the repulsion betAveen the like 
poles of a magnet, for Avlien unlike poles are placed 
near each other, tlie circular currents AAdiich face each 
other are then all goijig in the same direction, and the 
two Avill, therefore, attract one another, but if like poles 
are placed in this position, the cui*vents that face each 
otlior are going in opposite directions, and the poles Avill, 
therefore, repel one another. 

Induction of Currents. 

102. Before closing this short sketch of electrical 
phenomena, we must allude to the inductiA’c effect of 
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cuiTents upon each other. 



Let us suppose (Fig. 10) that 
Ave liavo two circular 
coils of Avire, covered 
i ^vith tliroad, aiul placi^d 
near t‘adi other, IjCt 
hotli the extremities of 
the riglit-liand coil. l)e 
connected witli the j>oles 
of a battery, so as to 
make a cun-ent of olec- 
tricitv circulate round 
the coil. On tln^ othei* 
hand, lot the left-han«l 
coil bo connect<*d Avith 
a galvanometer, thus 
enabling us to detect 
the smallest eurrcuit of 
electricity wliich may 
j»ass tlirough this coil. 
Kow, it is found tliat 
when wo first connect 
the )igljt-hand coil, so 
as to pass tlio battery 
curi-fuit through it, a 
momentary current will 
pavss through the left- 
hand coil, and will de- 
flect the needle of th(j 
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galvanometor, but this current will go in an opposite 
direction to that wliicli circulates round the right-hand 
coil 

103. Again, as long as the current continues to flow 
througli the right-liand coil there will be no current 
tlirougb the otlior, but at the nioinont of breaking the 
contact between tlie riglit-hand coil and the l>attory there 
will again 1)0 a inonientaiy cui*ront in the lidl-hand coil, 
hut this time in the sanie <liroction as that of the right- 
hand coil, instead of being, as before, in the op}>osite 
direction. In other wwds, wdien contact is mrf/le in the 
right-hand coil, there is a momentary current in the lett- 
hainl coil, but in ano])])o.site direction to that in the riglit, 
Avhvie, when contact is bvolxn in the right-hand coil, there 
is a mouu iitaiy current in the left-hand coil in the same 
direction as that in the right. 

101. Ill order to exemjdify this induction of currents, 
it is not ev(‘n necessary to make and break the current 
iji tlie riglit-haiid coil, for we may keep it constantly going 
and an-ange so as to make the right-hand coil (always 
retaining its connection with the battery) alternately 
apjivoach ami reecMh^ from the other ; wdien it approaches 
thu other, tlui effect produced will be the same as when 
the contact was made in the above experiment — that is 
to say, we shall liave an induced current in an opposite 
direction to that of the primary, while, wdien it recedes 
from the other, avc shall have a cuiTeiit in the same direc- 
tion as that of the priiiiaiy. 
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lOo. Thus we soo that whether we keep l)oth coIImi 
stationary, and suddcvnly produce a current in the right- 
hand coil, or whether, keeping this current constantly 
going, we sudrlenly V)ring it near the otlier coil, the 
inductive efteet will l>e precisely the same, for in hotli 
cases the left-hand coil is suddenly brought into th<? 
presence of a current. And again, it is the same, whether 
we suddenly break the right-hand current, or suddenly 
remove it from the left-hanrl coil, for in both cases 
this coil is virtually removed from the presence of a 
current 


List of Emvijies, 

lOG. We are now in a position to enumerate the various 
kinds of energy wliich occur in nature ; but, before doing 
so, we must warn our readers that this enumeration has 
nothing absolute or complete about it, representing, as it 
does, not so much the present state of our knowledge as 
of our want of knowledge, or rather profouml ignorance, 
of the ultimate constitution of matter. It is, in truth, 
only a convenient classification, and nothing more. 

107. To Ijogiii, then, with visible eruiigy. We }ia\*(' 
first of all — 


Energy of Visible Motion. 

(A.) Visible energy of actual motion — in the planebi, 
in meteors, in the cannon ball, in the storm, in 
the running stream, and in other instances of 
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bodies in actual visible motion, too numerous to 
be iiientioned. 

Visible Energy of Position, 

(B.) Wcliave also visible energy of j)osition — in a stone 
on the top of a cliff, in a head of water, in a rain 
cloud, in a cross-bow bent, in a clock or watcli 
Avound up, and in various other instances. 

108. Then we liavc, besides, several cases in which 
there is an alternation between (A) and (B). 

A pendulum, for instance, when at its lowest point, has 
only the energy (A), or that of actual motion, in virtue of 
which it ascends a certain distance against the force of 
gravity. When, however, it has completed its ascent, its 
energy is then of the varit^ty (B), being due to position, 
and not to actual motion; and so on it continues to 
oscillate, alternately changing the nature of its energy 
from (A) to (B), and from (B) back again to (A). 

109. A vibrating body is another instance of this alter- 
nation. Each particle of such a body may be compared to 
an exceedingly small pendulum oscillating backwards 
and forwards, only very much ipiicker than an ordinary 
I)enduhiiii ; and just as the ordinaiy pendulum in passing 
its point of rest has its energy all of one kiiid, while in 
passing its upper point it has it all of another, so when 
a vibrating particle is passing its point of rest, its energy 
is all of the variety (A), and Avhen it has reached its 
extreme displacement, it is all of the variety (B). 
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Heat Motion. 

110. (C.) Coming now to inolocnlar or invisiMo onergy, 

wo liave, in the first jilaco, tliat niotion of thci 
inolooiilos of l»o(lios which wo torin heat. A 
better torni would be ahsorhvd hcut, to distiu- 
gnisli it from radlont lent, wliich is a vmy 
diileront thing. TJiat peculiar motion which is 
imparted liy heat wlion alfsorbod into a IkxU' is, 
tlierefore^ one A'ariety of molecular energy. 

MoI(.'ci{Iar i^^eparaiion. 

(D.) Analogous to this is that eliect of lieat whieli 
represents position rather than actual motion. 
For part of the energy of absorbed beat is s[)(‘nt 
in pulling asunder the molecules of tlie body 
under the attractive force which binds th(*m 
together (Art. 73), and thu.s a store of energy of 
position is laid up, which disappears again aftei* 
the l»od 3 ' is cooled. 

Atomic or Chernical Separation. 

111. (E.) llie two previous varieties of enei’gy may lie 

viewesi as associated w ith molecules ratlua* tlian 
wdth atoms, and with the force of coliesion 
rather than wdth that of chemical affinity. 
Proceeding now to atomic i‘orce, wo hav^e 
a species of energy of position due to the 
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separation of different atoms under the strong 
chemical attraction they have for one another. 
Tims, when we possess coal or carhon and also 
oxygen in a state of separation from one 
another, we are in possession of a source of 
eiKTgy wliich may be called that of chemical 
separation. 

Elect / *ical Sej'Xf ration, 

112. (F.) The attraction which heterogeneous atoms 

j)(.)ssess for one another, sometimes, however, 
gives rise to a species of energy which mani- 
ft^sts itself in a very j)oculiar form, and 
a]>])oars as electrical separation, whieli is thus 
another form of energy of position. 

Elect rlcifi/ in Motion. 

113. (G.) But we liave another species of energy con- 

nected with electricity, for we have that due to 
electricity in motion, or in other words, an 
electric cuiTcnt which probably represents some 
form of actual motion. 

Radiant Energy. 

11 k (HJ It is \vell known that there is no ordinary 
matter, or at least liardly any, between the sun 
and the earth, and yet Ave have a kind of energy 

o 
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wliicli we may call radiaiit energy, which pro 
ceecls to us from the sun, and proceeds aE^o with 
a definite, though very great velocity, taking 
about eight minutes to perform its journey. 
Now, this radiant energy is known to consist ox 
the vibrations of an elastic medium pervading 
all space, which is called ether, or the ethereal 
raediirrii. Inasmuch, therefore, as it consists 
of vibrations, it partakes of the character of 
pemlulum motion, that is to say, the energy of 
any ethereal particle is alternately that of 
position and tliat of actual motion. 

Law of Conservation. 

115. Having thus endcavou»ed, provisionally at least, 
to catalogue our various energies, we are in a position 
to state more definitely what is meant by the conserva- 
tion of energy. For tliis purixoso,lct us take the universe 
as a w'liole, or, if this be too largo, let us conceive, if 
possible, a small portion of it to bo isolated from the rest, 
as far as force or energy is concerned, forming a sort of 
microcosm, to wdiich we may conveniently direct our 
attention. 

This portion, then, neither parts with any of its 
energy to the universe beyond, nor receives any from it. 
Such an isolation is, of course, unnatural and impossible, 
but it is conceivable, and will, at least, tend to concentrate 
our thoughts. Now, whether we regard the great universe, 
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or this stnall microcosm, the principle of the conservation 
of enS'gy asserts that the .sum of all the various energies 
is a constant quantity, that is to say, adopting the lan - 
guage of Algebra — 

(A) + (B) + (C) + (D) + (E) + (F)+(G) + (H) = a 
constant quantity. 

116. This does not mean, of course, that (A) is constant 
in itself, or any other of the left-hand members of this 
equation, for, in truth, they are always changing about 
into each other— now, some visible energy being changed 
into heat or eleetricity ; and, anon, some heat or electricity 
being changed back again into visible energy — but it 
only'means tli^t the sum of all the energies taken together 
is constant. We have,'^n fact, in the left hand, eight 
vaiiablc quantities, and Ave only assei't that their sum is 
constant, not by any means that they are constant them- 
selves. 

117. Now, what evidence have we for tliis assertion? 
It may be replied that Ave haA^e the strongest possible 
evidence which the nature of the case admits of. The 
assei-tion irf, in truth, a peculiar one — peculiar in its mag- 
nitude, in its universality, in the subtle nature of the 
agents Avith aa^IucIi it deals. If true, its truth certainly 
cannot be proved after the manner in which Ave prove a 
proposition in Euclid. Nor does it even admit of a proof 
so rigid as that of the somev/hat analogous principle of 
the conserA'ation of matter, for in chemistry we may 
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confine the products of our chemical comlunation so 
completely as to prove, heyoml a doubt, that no heavy 
matter passes out of existence that — when coal, for in- 
stance, burns in oxygen gas — ^what we have is merely a 
change of condition. But we cannot so easily prove that 
no energy is destroyed in this combination, and that the 
only result is a change from the energy of chemical 
separation into that of absorl)cd heat, for during the 
process it is impossible to isolate the energy — do Avhat 
we may, some of it will escape into the room in which we 
perform the experiment; some of it will, no doubt, escape 
through the window, wliilo a little will leave the earth 
altogether, and go out into space. All tliat wc can do 
in such a case is to estimate, as completely as possible, 
liow much energy has gone away, since we cannot i)08sibly 
prevent its going. But this is an oporatioii involving 
great acquaintance with the laws of eneigy, and very 
gif‘at exactness of observation: in fine, our r<*aders will 
at once perceive that it is mucli more ditficult to proNo. 
the truth of the conservation of energy than that of the 
conservation of matter. 

IIS. But if it bo difficult to prove our i)rineiplc in 
the most rigorous manner, we are yet able to give the 
strongest possible indirect evidence of its truth. 

Our readers are no doubt familiar with a method 
which Euclid frcjquently adopts in proving his proposi- 
tions. Starting with the suppo.sitioii tliat tlu 3 y are not 
time, and reasoning upon this hypothesis, he comes to 
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an absurd conclusion — hence he concludes that they are 
ti'ue. Now, we may adopt a method somewhat similar 
witli n‘.;?ard to our principle, only instead of sup- 
posing it untrue, let us suppose it true. It may then 
be shown that, if it be true, under certain test conditions 
we ought to obtain certain results — for instance, if we 
increase tlic pressure, we ought to lower the freezing 
point of water. Well, we make the experiment, and 
find that, in point of fact, the freezing point of water is 
lowered by iricreasing the j)ressure, and we have thus 
derived an argument in favour of the conservation of 
energy. , 

119. Or again, if the laws of energy are true, it may 
1)e shown tliat, whenever a substance contracts when 
heated, it will become colder instead of hotter by com- 
pression. Now, Ave know that ice-cold water, or water 
just a little above its freezing point, contracts instead 
of expanding up to 4° C. ; and Sir William Thomson has 
found, by cxj)eriment, that water at this temperature is 
cooled instead of luxated by sudden compression. India- 
I'ubbcr is another instance of this relation between these 
two jiropcrties, for if Ave stretch a string of india-rubber it 
gets hotter instead of colder, that is to say, its tempera- 
ture rises by extension, and gets loAvcr by contraction ; 
and again, if Ave heat the string, Ave find that it contracts 
in length instead of expanding like other substances as 
its temperature increases. 

120. Numberless instances occur in which we ai'e 
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enabled to predict what will happen by assuming the 
truth of the laws of energy ; in other w'ords, these laws 
are proved to be true in all cases wliere we can put them 
to the test of rigorous experiment, and probably we can 
have no better proof than this of the truth of such a 
principle. We shall therefore proceed upon the a.ssumptiou 
that the conservation of energy holtls true in all cases, 
and give our readers a list of the various transmutations 
of this subtle agent as it goes backwards and forwards 
from one abode to another, making, meanwhile, sundry 
remarks tliat may teml, we trust, to convince our readers 
of the truth of our assumption. 
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CHAPTER IV. 

TRANSMUTATIONS OF ENERGY. 

Energy of Vimhle Motion. 

121. Let us begin oui’ list of transmutations with the 
energy of visible motion. This is changed into energy 
of i:tosiiion when a stone is projected upwards above the 
earth, or, to take a case precisely similar, when a planet 
or a comet goes from perihelion, or its position nearest the 
sun, to aphelion, or its position furthest from the sun. We 
thus see why a lieavenly body should move fastest at 
perihelion, and slowest at aphelion. If, however, a 
l>lanet Avere to move round the sun in an orbit exactly 
circular, its velocity would be the same at all the various 
points of this orbit, because there would be no change 
ill its distance from the centre of attraction, and there- 
fore no transmutation of energy. 

122. We have already (Ai-ts. 108, 109) said that the 
energy in an oscillating or vibrating body is alternately 
that of actual motion, and that of position. In this 
respect, therefore, a pendulum is similar to a comet or 
heavenly body with an elliptical orbit. Nevertheless the 
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change of energy is generally more coini Jete in a pendulum 
or vibrating body than it is in a heavenly body ; for in a 
pendulum, when at its lowest point, the energy is entirely 
that of actual motion, while at its upper point it is 
entirely that of })osition. Now, in a heavenly body we 
have only a lessening, but not an entire destruction, of 
the velocity, as the body passes from perihelion to 
aphelion — that is to say, we have only a partial conver- 
sion of the one kind of energy into the other. 

123. Let us next consider the change of actual visil)le 
energy into absorbed heat. This takes place in all cases 
of friction, percussion, and resistance. In fiiction, for 
instance, wo have the conversion of work or energy into 
heat, which is hero produced through the rul)bing (;f surfaces 
against each other; and llavy has shown tliat two })ieces 
of ice, both colder than the freezing point, may be melted 
by friction. In percussion, again, we have the energy 
of the blow converted into heat ; wliih‘, in tli<^ case of a 
meteor or camion ball pas-sing through the air with great 
velocity, we have tlie loss of energy of the meteor or 
cannon ball through its contact with the air, and at the 
same tinu? the production of heat on account of tins 
resistance. 

llPhe resistance need not be atmosplieric, for we may 
set the cannon ball to pierce through w<jo<len j>lank.s or 
through sand, and there will ecpially be a production of 
heat on account of the resistance offered by tlie wooden 
planks or by the sand to the motion of the ball. We 
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may even generalize still further, and assert that wlien- 
over the visible inonientum of a body is transfewed to a 
larger mass, there is at the same time the conversion of 
visible energy into lieat. 

124. A little explanation will be rec|iui*ed to make this 
point clear. 

The third law of motion tells us that action and re- 
action arc equal and o[)posite, so that wlu*n two bodies 
come into collision the forces at woi'k generate equal and 
opposite (luantities of momentum. We shall best see 
the moaning of this law by a numerical example, bear- 
ing in mind tliat momentum means the product of mass 
into velocity. 

For instance, let ns suppose tbat an inelastic 1.)ody of 
mass 10 and Nclocity 20 strikes directly anotlier inelastic 
body of mass lo and velocity 15, the direction of both 
motions being tbe same. 

Kow, it is well known that the united mass will, after 
impact, bo moving with the velocity 17. What, then, has 
been the induoneo of the forces developed l>y collision ? 
The body of greater velocify liad before impact a 
momentum 10 x 20 = 200, while its momentum after 
impact is only 10 x 17 = 170; it has therefore suffered 
a loss of JIO units as i-cgai-<ls momentum, or we may 
sidcr that a momentum of SO units has been impressed 
upon it in an opp>osite dii'cction to its }>revious motion. 

On the other hand, the body of smaller velocity had 
before impact a momentum 15 X 15 = 225, while after 
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impact it ha.s 15 x 17 255 units, so that its momentum 

has been increased by JH) units in its previous direction. 

The force of imjiact has therefore generated 30 units 
of momentum in two opposite directions, so that, taking 
account of direction, the momentum of the system is 
the same before and after impact ; for before impact avc 
had a momentum of 10 x 20 + 15 x 15 — 425, wliilc after 
it we have tlic united mass 25 moving with tlie velocity 
17, giving the momentum 425 as before. 

125. But while the momentum is the same ])eforc and 
after impact, the visible energy of the moving mass is 
undoubtedly less after impact than before it. To see 
this we have only to turn to the expression of Art. 28, 
from wliich we find that the energy before impact 

'fix V ^ 

was as follows : — Energy in kilograinmetres = ~~ 

^ == 376 nearly ; while that after imi)act 

±u O 

25 X 17* 0/-0 I 

19 G ^ 

120. The loss of energy will bo still more manifest if wc 
suppose an inelastic body in motion to strike against a 
similar body at rest. Thus if we have a body of mass 
20 and velocity 20 striking again.st one of equal mass, 
but at rest, the velocity of tlie double mass after impact 
will obviously be only 10; but, as regards energy, that 

before impact will be — f ~ j g •“(} 
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, , 40x10® 4000 , , . 

impact will be - or only half the former. 

' 127. Thus there is in all such cases an apparent loss of 
visible energy, while at the same time there is the pro- 
duction of heat on account of the blow which takes 
place. If, however, the substances that come together be 
perfectly elastic (which no substance is), the visible energy 
after impact will l)e the same as that before, and in this 
case there will be no conversion into heat. This, however, 
is an extreme supposition, and inasmuch as no substance 
is perfectly elastic, we have in all cases of collision a 
greater or loss conversion of visible motion into heat. 

128. We have spoken (Art. 122) about the change of 
energy in an oscillating or vibrating body, as if it were 
entirely one of actual energy into energy of position, 
and the reverse. 

But even here, in each oscillation or vibration, there is 
a greater or less conversion of visible energy into heat. 
Let us, for instance, take a pendulum, and, in order to 
make the circumstances as favourable as possible, let it 
swing on a knife edge, and in vacuo ; in this case there 
will be a slight but constant friction of the knife edge 
against the plane on which it rests, and though the 
pendulum may continue to swing for hours, yet it will 
ultimately come to rest. 

And, again, it is impossible to make a vacuum so perfect 
that there is absolutely no air surrounding the pendulum, 
so that part of the motion of the pendulum will always 
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bo carricil off by tlie residual air of the vacuum in 
which it swings. 

129. Now, something similar hap])ons in that vibratory 
motion which constitut-es sound. Thus, when a bell is in 
vil)ration, j)art of the energy of the vibration is carried 
off by the surrounding air, and it is in virtue of this that 
we hear the sound of the bell; but, even if there were no 
air, the bell woidd not go on vilu*ating for ever. For 
there is in all bodies a greater or less amount of internal 
viscosity, a pro])or(y which prevents perfect froi^dom of 
vibration, and which ultimately converts vibrations into 
heat. 

A vibrating bell is thus vciy’ much in the same position 
as an oscillating ]>endaluin, for in botii part of the energy 
is given off to the air, and in both there is unavoidable 
friction — in the otic taking the shajK) of internal vis- 
cosity, and in tlie otlier that of friction of the knife edge 
against tlie plane on which it rests. 

ItJO. In both these eases, too, that portion of the energy 
which gees into the air takes ultimately the shape of 
heat. The oscillating pendulum communicates a motion 
to the air, and this motion ultimately heats the aij\ The 
vibrating bell, or musical instrument, in like manner eom- 
niunicates part of its energy to the air. Tliis communi- 
cated energy lirst of all moves througli the air with the 
well-known velocity of sound, but during its progress it, 
too, no doiilit becomes partly converted into heat. 
Ultimately, it is transmitted by the air to other bodies, 
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and by means of tlicir internal viscosity is sooner or 
later convcrte<l into lieat. Thus we see that heat is the 
form of energy, into which all visible terrestrial motion, 
whetherr it be lectiliiicar, or oscillatory, or vibratory, is 
ultimately changed. 

131. In the case of a body in visible rectilinear motion 
on the eaT’tli’s surface, this change takes place very soon — 
if the motion be I’otatory, such as that of a heavy re- 
volving top, it may, perhaps, continue longer before it is 
ultiniatoly stop[)ed, ])y means of the surrounding air, and 
by tiiction of the pivot; if it be oscillatory, as in the 
pendulum, or viljratory, as in a musical instrument, we 
have seen that the air and internal friction are at work, 
in one shape or another, to carry it ofi’ and will ultimately 
succeed in converting it into heat. 

132. I hit, it may be said, wliy consider a body moving 
<jn the eaitlTs suifacc ? wliy not consider the motion 
of the eartli itself? Will this also ultimately take 
the shape of heat ? 

No doubt it is more difficult to trace the conversion 
in such a case, inasmuch as it is not proceeding at a 
sonsilde rate before our eyes. In other words, the 
very conditions that make the earth habitable, and a 
lit abode for intelligent beings like oumclves, are those 
which unfit us to perceive this conversion of energy 
in the case of the earth. Yet we are not without 
indications that it is actually taking [dace. For the 
purpose of exhibiting these, we may divide the eartl/s 
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motion into two — a motion of rotation, and one of levo- 
lution. 

133. Now, witli regard to the earth's rotation, the con- 
version of the visible energy of this motion into heat is 
already well recognized. To understand this we have 
only to study the nature of the muon's action upon the 
fluid portions of our globe. In the following diagram 
(Fig. 11) wo have an exaggerated representation of tins, 
by which we see that the spherical earth is converted 


Fig. 11. 

into an elongated oval, of wdiich one extremity always 
points to tile moon. The .solid luidy of the earth itself 
revolves as usual, but, nevertheless, this fluid protuber- 
ance remains always [>ointing towards the moon, as we 
see in the figure, and hence the earth rubs against the 
protuherance as it revolves. The friction jiroduced by 
this action tends evidently to If'sscn the rotatory energy 
of the earth — in other Avords, it acts like a break — and w^e 
have, ju.st as by a break-Avheel, tlie conversion of visible 
energy into heat Tliis was first recognized by Mayer 
and J. Thom.son. 

134. But w'hile tlierc can be no doubt about the fact of 
such a conversion going on, the only question is regarding 
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its ivato of progress, and the time required before it can 
cause a perceptible impression upon the rotative energy 
of tlie earth. 

Now, it is believed by astronomers that they have 
detected evidence of such a change, for our knowledge of 
the motions of the sun and moon has become so exact, 
that not only can we carry forward our calculations so as 
to ju’edict an eclipse, but also carry tliem backAvards, and 
thus fix the dates and even the very details of the 
ancient historical eclipses. 

If, however, between those times and the present, the 
earth has lost a little rotati ve energf on account of this 
peculiar action of the moon, then it is evident that the 
cdculated circuiriStances of the ancient total eclipse will 
not quite agree with tliosc actually recorded ; and by 
a comparison of this nature it is believed that we 
have detected a very slight falling off in the rotative 
energy of our earth. If avc carry out the argument, we 
shall be driven to the conclusion that the rotative energy 
of our globe will, on account of the moon’s action, always 
get less and less, until things are brought into such a 
state that the rotation comes to be performed in the same 
time as the icvolution of the moon, so that then the same 
portion of the terrestrial surface being always presented 
to tlie moon, it is evident that there will be no effort 
made by the solid substance of the earth, to glide from 
under the fluid protuberance, and tliere Avill in conse- 
quence be no friction, and no further loss of energy. 
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135. If the fite of the earth ho ultiinatelj’^ to tiim the 
same face always to the moon, wo have aliimdant evidence 
that this very fate lias long since overtaken the moon 
herself. Indeed, the much stronger effect of our earth 
upon the moon lias produced this result, probably, even 
in those remote periods when the moon was chiefly fluid ; 
and it is a fact well known, not merely to astronomers, 
but to all of 118 , that the moon nowadays turns always 
the same face t<? the earth.* Ko doubt this fate has long 
since overtaken the satellites of Jupiter, Saturn, and the 
other large planets ; and there arc indei»(.*iident in<lications 
that, at least in tlie case of Jupiter, tlio satellites turn 
always the saiiui face to their primary. 

130. To come now to the energy of revolution of the 
earth, in lier orbit round the .sun, wo cannot hel[) believ- 
ing tliat there is a material medium of some kind l>et ween 
the sun and the earth ; indeed, the undnlatoiy theory of 
light requires this belief Ihit if we believe in such a 
medium, it is diilieult to imagine that its presence will 
not ultimately diminisli the iiudioii of revolution of the 
earth in lier orbit; indeed, there is a strong sciontilic 
probalality, if not aiia]>solute certainty, tluit sncli will be 
the case. Tlu‘n; is even some reason to tliiidc tliat tlic 
energ}’ of a comet of small period, calleil Encke’s comet, is 
gradually being stopiied from this cause ; in fine, there can 
be hardly any doul^t that the cause is reall}" in operation, 

♦ Tliiff explarinfion was first given by Profosaora Thomson anU Tait in 
their Natural Philosophy, ami by Dr. Fraiiklati<l in a lecture nt thoKoyal 
Institution of Loii'b; n. 
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and will ultimately affect the motions of the planets and 
otlicr heavenly bodies, even although its rate of action 
may be so slow that we are notable to detect it. 

We may perhaps generalize by saying, that wherever 
in the universe there is a differential motion, tliat is to 
say, a motion of one part of it towards or from another, 
then, in virtue of the subtle medium, or cement, that binds 
the various parts of the universe together, this motion is 
not unattended by something like friction, in virtue of 
which tlie differential motion will ultiiriately disappear, 
while the loss of energy caused by its disappearance will 
assume the form of heat. 

137. There arc, indeed, obscure intimations that a con- 
version of this kind is not improbably taking place in the 
solar system; for, in the sim himself, we have the matter 
near the equator, by virtue of the rotation of our lumi- 
naiy, carried alternately towards and from the various 
[Janets. Now, it would seoiii that the sun-spots, or 
atmosjJicric disturbances of the sun, affect particularly 
his equatorial regions, and have likewise a tendency to 
attain their maximum size in that j)osition, which is as 
far away as [)ossible from the inllucntial planets, such as 
Mercury or Venus;* so that if Venus, for instance, 
were between the earth and the sun, there would be few 
sim-s])ots in the middle of the suns disc, because that 
would be the part of the sun nearest Venus. 

* See Do La Rue, Stewart, and Loewy’s reBcarclirs on Solar riiysicfl. 

H 
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But if the planets influence sun-spots, the action is no 
doubt reciprocal, and we have nmch reason to believe that 
sun-spots influence, not only the magnetism, but also the 
meteorology of our earth, so that there are most displays 
of the Aurora Borealis, as well as most cyclones, in those 
yeai's when there are most sun-spots. * Is it not then 
possible that, in these strange, mysterious [)heno]nena, 
we sec traces of tlio machinery by means of which tlie 
diflerential motion of the solar s\'.stem is gradually l)eing 
changed into heat ? 

138. We have thus seen that visible energy of actual 
motion is not uiifreiiuently change<l into visible eiu^rgy of 
position, and that it is also very often transfoianed into 
abs(.u’bed heat. Wo have now to state that it may likC' 
wise be transformed into eUxiriad ration. Thus, when 
an ()rdiiiary electrical machine is in action, considerable 
labour is spent in turning thohandl(‘; it is, in truth, 
harder to turn thaTi if no electricity wenr being pioduetM] — 
in other words, }>art of the energy whicli is spent upon 
the machine goes to the production of electrical st^paration. 
There are other ways of generating eli*ctricity besides the 
frictional methoil. If, for instance, we l»ring an insulated 
conducting plate near the prime conduct or of tlie electrical 
machine, yc^t not near enough to cause a sjiark to ]>ass, 
ami if we then touch tlie insulated [ilate, we. shall find it, 
ai'ter contact, to be cliargcd with an electricity the oppn- 

* Sue the Magnetic Resoarcliea of Sir E. Sabine, also G. MeKlrum oii 
the Periodicity of Cycloucs. 



TIUNSMUTATIONS OF EKEllGY. 99 

site of that in the machine; we may then remove it 
and make ii.se of thi.s electricity 

It requires a little thought to see what laViour we have 
si>ent in this process. We must bear in mind that, by 
touching the plate, we have carried off the electricity of 
the same name as that of the machine, so that, after 
touching the insulated plate it is more strong!}’^ attracted 
to the coiuluctor than it was bel'ore. When we begin to 
i*emovc it, therefore, it will cost us an ctToii to do so, and 
tlie inoclianical energy which avc sj>end in removing it 
w-ill account for tlie energy of electrical separation which 
we then obtain. 

139. Wo may thus make use of a small nucleus of 
(jlectricity, to assist us in procuring an unlimited supply, 
lor in tlic‘ al)o\'e [irocoss the cloctrieity of the prime con- 
ductor nMuains unaltered, and we may repeat the 
(»p(‘ration as often as W(^ like, and gatlier together a very 
laige quantity <>f electricity, Avithoiit linallj" altering the 
electricity of tlu5 prime conductor, but not, hoAvever, 
without the expenditure of an equivalent amount of 
energy, in the sliajje (»f actual work. 

1+0. While, as we hav(i seen, there is a tendency in all 
motion to Ik; changed into heat, there is one instance 
where it is, in tlie first place at least, changed into a current 
of elect rid. f;/. We allude to the case where a conducting 
substance im^ves in the presence of an electric current, or 
of a magnet. 

In Art. lo t Ave found that if one coil connected with a 
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battery wore quickly luovcJ into the presence of another 
coil connected with a galvanometer, an iiulucetl current 
would bo generated in the latter coil, and would atfect 
the galvanometer, its direction being the reverse of tliat 
passing in the other. Now, an electric current imijlies 
energy, and we may therefore conelinh.* tliat some otlier 
form of energy must be spent, or disiqipear, in order to 
produce the current which k ireiieratinl in tlie coil 
attached to tlie galvanometer. 

Again, we learn from Art. 100 that two currents going 
ill ojqiosito directions rt-jicl one another. The current 
generated in the coil attached to the galvanometer or 
secondary current will, therefore, rejxd the primary 
current, which is moving towar«ls it; this rejiulsion will 
eitlier cause a .sto})page of motion, or ronder necessary 
the expoinlituro of eiierg}", in order to keep up tlie 
motion of this moving coil. We tliu.s lind that two 
plieriomena occur simultaneously. In the first placr, 
there is the production of energy in the secondary coil, 
in tlie sliapc of a cuiTont <»p[H>sit(.‘ in direction to 
that of the primary coil; in the next case, owing to 
the repulsion between this induof'd eiinent and tlie 
primary current, there is a sto])page or disappearance of 
the energy of actual motion of tlie moving coil. Wo 
have, in fact, the creation of one sjiecies of energy, and at 
the same time the disappearance of another, and thus we 
see tliat tlie law of conservation is l,>y no means broken, 

141. We see also tlie necessary connection between the 
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two electrical laws described in Arts. 100 and 10 k In- 
deed, bad tliose laws been other than what they are, the 
|)rinciple of conservation of energy would have been 
broken. 

For instance, had the induced current in the case now 
mentioned been in the same direction as that of the 
[)riniary, tlic two currents would have attracted each 
other, and thus there would have been the creation of a 
secondary current, implying energy, in the coil attached 
to the galvanometer, along with an increase of the visible 
enc^rgj" of motion of the j)rimary current — that is to say, 
instead of the creation of one kind of energy, accom- 
j)aiiiod with the disappearance of another, we should 
have had the simultaneous creation of both ; and thus 
the law of conservation of energy would have been 
l>rokcn. 

We thus sec that the principle of conservation enables 
us to deduce the one electrical law from the other, and 
this is one of the many instances which strengthen our 
l»elief in the truth of the great principle for which we 
arc contemding. 

142. Let us next consider what will take place if we 
cause the priinnry current to move from tlie secondary 
coil instead of t<nvards it. 

In this case we know, from Art. 104, that the induced 
current will be in the same direction as the primary, 
while we are told by Art. 100 that the two currents will 
now attract each other. The tendency of this attraction 
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will be to stop the motion of the ])r‘nuary ciUTent from 
the secondary one, or, in other words, there will be a dis- 
appearance of the energ}’ of visible motion, wliile at the 
same time there is the production of a current In both 
cases, therefore, one form of energy disapi>o{irs while 
another takes its place, and in both there will be a very 
perce})tihle resistance experienced in moving the 
primary coil, wheilier towards the secondary or from it. 
Work will, in fact, liave to be spent in both oj)erations, 
and the outcome of this work or energy will be the jn'o- 
diiction of a current in the lirst plae(% and of heat in the 
second; for we loam from Art. 1)8 that when a current 
}>a.sses along a wire its energy is generally sj)ent in heating 
the wire. 

We have thus two phenomena occurring together. In 
tlie tii-st place, in moving a current of electricity to and 
from a coil of wire, or any other conductor, or (wliicli is 
tlie same thing, since action and reaction arc ecpial and 
opposite) in moving a coil of wire or any other con- 
ductor to and from a cun-ent of electricity, a sense 
of re.sistance will be experienced, and energy will have 
to be spent uj)on the process; in the second place, an 
electrical current will be generated in the eoiKluctor, and 
the conductor will be lieated in conse(pience. 

Its. The result will be rendere<l very prominent if 
we cause a metallic top, in rapi»l rotation, to spin near 
tw'o iron poles, which, by means of the battery, we can 
suddenly convert into the poles of a powerful electro- 
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magnet. When this change is made, and the poles be- 
come magnetic, tlie motion of the top is very speedily 
bj’ouglit to rest, just as if it liad to encounter a species 
of invisible friction. This curious result can easily be 
explained. We have seen from Art. 101 that a magnet 
resembles an assemblage of electric currents, and in the 
metallic top we have a conductor alternately approaching 
tliese cun*ents and receding irom them ; and hence, ac- 
cording to what has been said, we shall have a series of 
secondary criri*euts [iroduccd in the conducting top which 
will stop its motion, ajid wliich will ultimately take the 
sliape of heat. In otlier words, tlie visible energy of the 
toj) will be changed into heat just as truly as if it were 
stopi»ed by ordinary friction. 

14 k The electricity induced in a metallic conductor, 
moved in the ju’esence of a powerful magnet, lias received 
the name of ilagncto-Elcctricity ; and Dr. Joule has 
made use of it as a convenient means of enabling him 
to dotermine the mechanical equivalent of beat, for it 
is into heat that tlie energy of motion of the conductor 
is ultimately transformed But, besides all this, these 
currents form, jieriiaps, the very best means of obtaining 
electricity • and recently very powerful machines have 
been constructed by Wilde and others with this view. 

145. These machines, Avhen large, are worked by a 
steam-engine, and their mode of operation is as follows : — 
The nucleus of the machine is a system of powerful 
permanent steel magnets, and a conducting coil is made 



lot TIIK CONSERVATION OF ENElUjy. 

to revolve rapitlly in [presence of these inngnets. Tlie 
current produced by tliis moving coil is then used in 
order to j»roduco an extremely powerful eIectro*magnet, 
and finally a c*i)il is made to move witli great rapidity 
in presence of this powerful electro-magnet, thus causing 
induced currents of vast strength. So powerful are these 
currents, that when used to j>roduce the electric light, 
small print may be read on a dark night at the distance 
of two miles from the scene of operation I 

It thus aj»pears that in this machine a double use is 
made of magneto-electricity. Skirting witli a nucleus 
of permanent magnetism, the magncto*electric currents 
are used, in the lirst instance, to form a poweidul electro- 
magnet much stronger than tljo first, and this powerful 
electro-magnet is again made use of in tlie same wav as 
tlie tij’st, in order to give, l>y iiieans of magneto- 
electi icity, an imluced current of very gi’eat strength. 

140. There is, moreover, a very great likeness l)ctwecii 
a magneto-electric macliiiie like that of Wilde s ibr gene- 
rating electric currents, and the one whicli generates 
statical electricity liy rnoan.s of the im*tIiod alrea<ly de- 
scribed Art. 101). Tn both cases a<lvantago is taken of a 
nucleus, fur in the magneto-electric macliinc wo have 
the molecular ciiirent.s of a set of permanent magnets, 
whicli are made the means of generating enormuiis 
electric cuirent.s witliout any i>crrnanent alteration to 
tliemselves, yet not without the exjjenditure of work. 

Again, in an induction machine for generating statical 



TRANSMUTATIONS OF ENERGY. 


105 


elccti icit^", we liavc an electric miclcns, sucli as v/o liave 
supi)ose(l to reside in the prime conductor of a macliine ; 
and advantage may be taken, as we liavc seen, of this 
nucleus in order to generate a vast quantity of statical 
electricity, without any permanent altei’ation of the 
nucleus, but not witliout the expenditure of work. 

Ii7. We liave now seen under wliat conditions the 
visible energy of actual motion may be changed — Istly, 
into energy of [losition; 2ndly, into the two energies 
which embi'ace absorbed heat; Si^dl}^ into electrical sepa- 
ration; and finall 3 ' into electricity' in motion. As far as 
wc know, visible energy cannot directly be transfonned 
into chemical separation, or into radiant energy. 

Visible Energy of Position, 

14rS. Having thus exhausted the transmutations of the 
energy of visible motion, Ave next turn to that of 
position, and find that it is transmuted into motion, but 
not immediately into any otiicr form of energy; we may, 
therefore, dismiss this variety at once from our considera- 
tion. 

Ahsovhed Heat 

149. Coming now to these tAVO forms of energy which 
embrace absorbed heat, Ave find that this may be con- 
verted into (A) or actual visible energy in the case of 
the steam-engine, the air-engine, and all A'^arieties of heat 
engines. In the steam-engine, for instance, part of the 



lOG 


THE CONSEUVATION OP ENERGY. 


lieat which passes tlirough it (lisaj)pcars as Iioat, utterly 
and absolutely, to reapj)ear as mechanical oHbct. There 
is, however, one condition wliicli must be rigidly ful- 
lillod, wlienever heat is changed into mechanical effect — 
there must l)0 a difference of temperature, and heat v:ill 
only he ehanyed into 'icork, ivkile it from a body 

of liiijh temperature to one of loiu, 

Carnot, the celebrated French physicist, lias ingeniously 
likened tlie meciianical power of heat to that of water ; 
for just as you can get no work out of heat uidess there 
be a flow of heat from a liiglicr temperature level to a 
lower, so neither can you get work out of water unless it 
be falling from a liigher level to a lower. 

loO. If wc rellect that heat is essentially distributive 
in its nature, we sliall soon jierceive the reason for this 
peculiar law ; for, in vy tue of its nature, heat is always 
rusliing from a body o^’^igh tempei’ature to one of low, 
and if left to itself it woidd distribute itself ecjually 
amongst all bodies, m that they would ultimately be- 
come of the .same temperature. Now', if Me arc to coax 
M'ork out of heat, we must humour its nature, for it may 
be compared to a pack (;f schoolboys, who are alw^ays 
ready to run w ith sidiieient violence out of tlie school- 
room into the open fields, but Avho have freipiently to l>e 
dragged back with a very considerable expenditure of 
energy. So heat will not allow itself to be confiiuHl, 
but Avill resist any attempt to accumulate it into a 
limited sjiace. Work cannot, therefore, be gained by 



TRANSMUTATIONS OF ENERGY. 107 

such an oporaticjn, but must, on the contrary, be spent 
upon the process. 

ir>l. Let us now for a moment consider the case of an 
enclosure in which everything is of the same temperature. 
Here wc have a dull dead level of heat, out of which it 
will be impossible to ol>tain the faintest semblance of 
work. The temperature may even be high, and there 
may be imniense storc‘s of heat energy in tlie enclosure, 
hut not a trace of this is available in the sliajie of AYork. 
Taking up Carnot’s comparison, tlic water has already 
fallen to the same level, and lies there Avitliout any 
power of doing useful work — dead, in a sense, as far as 
visible energy is concerned. 

152. We thus perceiv’^e that, firstly, avc can get work 
out of heat when it passes irom a higlier to a lower 
temperature, but that, secondly, wx* must spend w ork upon 
it in order to make it pass from a temperature to a 
Idgher one ; and tliat, thirdly and l!iially, nothing in the 
shape of w'ork can be got out of heat Avhicli is all at the 
same temperature level. 

What wx‘ have n(jw" said enables us to realize the con- 
ditions under wdiicli all heat engines wxrk. The essential 
])oint about such engines is, not the possession of a 
cylinder, or piston, or Hy wheels, or valves, but the 
possession of tw’o chambers, one of high and the other 
of low temperature, w^liile it perforins ^vork in the process 
of carrying heat from the chamber of high to tliat of low 
temperature. 
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Let US tnke, for oxaiuplo, tlic low-pressure ongino. 
IToro wo have the boiler or chainber of high, and tlie 
eoiidcnser or chamber of low, teinj.)orature, and the engine 
works while heat is being carried from the l>oiler to the 
cdiulonser — never while it is being carried from the con- 
denser to the boiler. 

In like iiuinner in the locomotive we have the steam 
generated at a high temjieraturc and pressure, and cooled 
by injection into the atmosphere. 

loJb Ihit, leaving formal engines, let us take an 
oixlinary lire, whicli plays in truth the part of an engine, 
as far as energy is concerned. We have here the cul«l 
air streaming in over the lloor of the room, and rushing 
into the lire, to be there united with carl)on, wdiile the 
rarefied jiroduct is carried up the chimney. DLsmissing 
from our thoughts at present the process of comlnistion, 
except as a means of supplying heat, we sec tliat there 
is a continual in-draught of cold air, whicli is heated by 
the lire, and then sent to mingle with the air above. 
Heat is, in fact, distributed by this means, or carried fnan 
a body of high temperature, i.e, the fire, to a body of low 
temperature, i.e. the outer air, and in this process of dis- 
tribution mechanical effect is obtained in the up-rush 
of air througli the chimney wdth consideral>le velocity. 

lo4. Our ow'n earth is another instfincc of such an 
engine, having the equatorial legions as its boiler, 
and tlie polar regions as its condensers ; for, at 
tlie equator, the air is heated by the direct rays 
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of the sun, and we have there an ascending current of 
air, up a chiir.iu'y as it were, the place of which is sup- 
plied by an iii-draught of colder air along the ground 
or fUxw of the world, from the poles on both sides. Thus 
tliO heated air makes its way IVoin the ecpiator to the 
poles in tlic upper regions of the atmosjdiere, while the 
cold air makes its way from the poles to the equator 
along the lower regions. Very often, too, aqueous vapour 
as well as air is carried up by means of the sun’s heat 
to the up[)er and colder atmos])heiMC regioTis, and there 
de])osited in the shape of rain, or hail, or snow, which 
ultimately finds its way back again to the earth, often 
displaying in its passage immense meclianical onergy. 
Indeed, the mariner who hoists his sail, and the miller 
who grinds Ids corn (whether lie use the force of the 
wind or that of running water), are both dependent 
upon tills great earth-engine, wliicli is constantly at work 
producing mecliaidcal elfect, but always in the act of 
carrying lieat fr<mi its hotter to its colder regions. 

155. Now, if it be essential to an engine to have two 
chambers, one hot and one cold, it is equally important 
that then', should be a considerable temperature difler- 
ericc between the two. 

If iNaturc insists upon a difference before she will give 
us work, we shall not be able to pacify lier, or to meet 
her requirements by making this difference as small as 
possible. And hence, centeris imvihus, we shall obtain a 
greater projiortion of work out of a certain amount of 
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heat passing tlirougli our engine when the tomperatiiro 
iliffereiice between its boiler and condenser is as great 
as possible. In a steam-engine this difference cannot 
bo very groat, because if tlie water of the 1)oiler were at 
a very Ivigh temperature the pressure of its steam would 
l>ocome daugi*rous ; but in an air-engine, or engine that 
heats and cools air, tlie tompi^rature difference may lx* 
much larger. Tlicre are, however, practical inconveniencos 
in onginos for w hich the temperature of tlie boiler is 
very liigh, ami it is possii»le that these may prove so 
formidable as to turn the scale against such eiigiiu's, 
altliough in tlu'oiy they ouglit to he very economical 
150. The j)rinci])Ics nowstate<l have been cniplr)ye(l by 
Professor J. Tlioinson, in his suggestion tliat the a])[>li- 
cation of pressure w'ould b'> foumi to lower the froe/Jng 
])oiiit of Avat<T ; ami the truth of this suggestion was after- 
wards proved by Professor Sir W. TIi«»mson. The fol- 
lowing w'as the reasoning employed l>y the? Jbi’iner: — 
Snp, »osc that w’c have a chamher kept constantly at 
tlie temperature 0^ (■,, or the melting point of ice, ami 
that wc have a cylinder, of wdiicli the sectional firca 
is one square iiietn?, <»ne metre in height with 

Avater, tliat is to say, containing om^ cubic im'tni of 
water. Su]>{)oso, next, that a w rill-fitting piston is 
|>laced aliovo the surface of the water in this cylinder, 
and tliat a considerable Aveiglit is placed ujion tlie piston. 
Let us now take the cylinder, water and all, and carry 
it into another room, of wdiich the temperature is just 
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a trifle lower. In course of time the water will freeze, 
and, as it expands in freezing, it will push up tlio piston and 
weight about ij,ths of a metre; and we may suppose 
that the piston is kept fastened in this position by means 
of a peg. Now carry back the maehin(3 into the first 
i-ooni, and in tlio course of time the ice will be melted, 
and we shall Iiavo water once more in the cylinder, but 
tluuo will now 1)0 a void space of ,^„tlis of a metre 
between the piston and tlie surface. We Iiave thus ac- 
(piirod a certain amount of energy of position, and we 
liave only to pull out the peg, and allow tlie ]>i.ston with 
its weight to fall down through the vacant space, in order 
to utilize this energy, after which the arrangement is ready 
to start afresli. Again, if the weight be very great, tlie 
(‘uergy thus gained will he very great; in fact, the energy 
will , vary with the weight. In fine, the arrangement 
now deseril)od is a veritalile heat engine, of which the 
clianiber at 0’ C, corr(\s[)ond.s to the boiler, and the other 
chamber a trifle lower in temporature to the condenser, 
while the amount of work wc get out of the engine — or, in 
other worils, its cfliciency — will depend uj^on tlie weight 
wiiicli is raised through the space of of a metre, 
;so tliat, by increasing this weiglit without limit, we may 
increase tlie cfliciency of our engine without limit. It 
would tlms at first sight appear that by this device of hav- 
ing two chambers, one at 0*^ C.,aiid the other a trifle lower, 
we can get any amount of work out of our water engine ; 
and that, conscipicntly, we have managed to overcome 
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Nature. Bui here Thomsons law comes into operation, 
sI^^^^ ing tliat we cannot overcome Nat\n*o hy any such 
device, but tliat if we have a large weight upon our 
piston, wo must have a proportionally large ditiercnce of 
ti*mperaturo between our two clutmlxu's — that is to say, 
the freezing point of water, under great pressure, will be 
lower in temperature than its freezing point, if the 
jirossnro upon it be only small. 

Before leaving tliis suliject we must call upon our 
readers to realize what takes })laee in all heat engines. 
It is not merely tliat heat jiroduees rneclianical eileet, 
but that a (jiirn quo atUn of heat ohi^ol ufri */ paf^scs out 
of (\rlsfcnce as heat la proilaclny Us equivalent of ivork 
If, tlierelxu'o, we could measure the mere heat produced 
in an engine l>y the burning of a ton of coals, we 
sliould find it to l>e less when the engine was doing 
work tlian ^^'hen it was at rest. 

In like manner, when a gas exi>ands suddenly its 
tem|)<:*i'ature falls, because a certain amount of its heat 
}>asses out of existence in the act of jiroducing mechani- 
cal effect. 

157. We have llius endSavoured to show under what 
conditions absr.rlied heat may be convertovl into mechani- 
cal effect. This {ibsoi-bed heat embraces (Ark 110) two 
varieties of energy, one of these being molecular motion, 
and the otlier molecular energy of position. 

Let us now, tlierefore, endeavour to ascertain under 
what circumstances the one of these varieties may be 
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cliangod into tlio otlier. It is well known that it takes 
a good den.l of h(.‘at to convert a kilogramme of ice into 
water, and that when the ice is melted the temperature 
of the wat(ir is not perceptibly higher than that of the 
ice. It is e([nally well known that it takes a gi'eat deal 
of heat to convert a hilograrnme of boiling water into 
steam, and tliat when the transformation is accomplished, 
the steam produciid is not perceptilily hotter than the 
lioiling watej\ In such cases tlie Iieat is said to become 
latent. 

Now, in lu»th th(‘se case's, but more obviously in the 
last, we mny su]»jiose that the licat has not had its usual 
<»fHee to perform, but tliat, instead of increasing the 
motion of tlie. molecnh's of water, it has spent its cnerg}’' 
in tearing them a.snndcr from each other, against* the 
force of eo] lesion whieli liiiids them together. 

Indeed, Av<.^ know as a matter of fact that the force of 
ef>hesion vhicli is perceptible in boiling water is ap- 
] >an‘nt ly a1 »s(‘nt fi’om steam, or the vapour of water, because 
its inolr'cub's are too remote from one another to allow of 
tins force being ajijireciable. We may, therefore, suppose 
tliat a largo part, at least, of j^ie heat necessary to con- 
vert l>oiling water into steam is spent in doing work 
against molecular forces. 

When the steam is once more condensed into hot water, 
tlie lieat thus spent reassumes the form ol molecular 
motion, ami tlic consequence is that we require to take 
away somehow all the latent heat of a kilogramme of 

1 
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steam lieforo wo can convei't it into boiling water. In 
fact, if it is ilillicnli and tedious to convert water into 
steam, it is ditlicult and tedious to convert steam into 
water. 

lo8. Ijcsldes the case now mentioned, tliero are otlier 
instances in wliicli, no doubt, molecular sepai’cation 
becomes gradually changed into heat motit>u. Thus, 
when a piece of glass lias been suddenly cooled, its par- 
ticles have not liad time to acquire tlieir proper position, 
and the consequence is that the whole structure is thrown 
into a state ('f constraint. In the course of time such 
bodii.'S tciul to assume a more stable state, and tlieir 
particles gradually come closer togetlier. 

It is owing to tills cause that tlie bulb of a thermo- 
meter recently Idown gradually contracts, and it is no 
doubt owing to the same cause that a lh‘iiico RuiMuis 
drop, formed 1>y dropping melted glass into water, when 
broken, falls into jiowiier with a kirnl of (explosion. It 
seems iirobabli* tliat in all such cases these clninges are 
attended with lieat, and that they denote the conversion 
of tlie energy rd* molecular separation into that of 
molecular motion. 

150. Having thus examined the transmutations of (C) 
into (D), and of (D) back again into (C), let us now 
proceed with our list; and see iindiu’ wliat circumstances 
absorbed heat is cliangcd mto cliew ical ^^eparai ion. 

It is well known that when certain bodies arc heated, 
they are decomposed ; for instance, if limestone or car- 
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bonate of lime be lieatcd, it is decomposed, the carbonic 
acid being given out in the shape of gas, wliilc quick- 
lime reiuaiiLS behind. Now, heat is coiisunicd in this 
process, that is to say, a certain amount of heat energy 
absolutely passes out of existence ojt heat and is changed 
into tlie energy of chemical separation. Again, if the 
lime so obtained be exposed, under certain circum- 
stances, to an atmosphere of caibonic acid, it will 
gi-adually become changed into carbonate of lime; and in 
this change (which is a gradual one) we may feel assured 
that the eiiei-gy of eliemic{il separation is once more con- 
verted into the energy of heat, although we may not per- 
ceive any inei’ement of temperature, on account of the 
slow nature of the process. 

At very higli temperatures it is possible tliat most 
compounds are decomposed, and tlie temperature at 
wliicli this takes place, for any compound, has been 
termed its femperature of dimssocialion. 

KJO. Heat energy is changed into electrical separaiion 
when tourmalines and certain other crystals are heated. 

Let us take, for instance, a crystal of tourmaline and 
raise its temperature, and we shall find one end positively, 
and the other negatively, electrified. Again, let us take 
the same crystal, and sud<lenly cool it, and we shall find 
an electrification of the opposite kind to the former, so 
that the end of the axis, wdiich was then positive, will 
now be negative. Now, this separation of the electricities 
denotes energy ; and we liavc, therefoi'c, in such crystals 



116 


THK COKSEUVATrcN OF EXEUOV. 


a ca.se Avliore tlio (‘nerjy of lieat has been chanj;*ed into 
that of eh'ciiical separation. In other words, a certain 
anioimt of heat has jiassed out of existence as heat, 
whih? in its place a certain aiaouiit of electrical separa- 
tion has been obtained. 

IGl. Let us next see under what circumstances heat is 


changed into clcdricilfj In raotion. Tlii.s transmutatiovi 
takes j»lace in tlierino-elcctricity. 

Suppose, for instance, tliat we have a bar of copper or 


C 



antimony, say copj^er, .soMered 
to a l»ar of bismutlii, a^s in Fig. 
12. Let us now heat one of 
tl)e junctions, while the otlier 
remains cool. It will ho found 
that a current of jK.)sitive elec- 
tricity circulates round the 


Fig. 12. bar, in the direction of the 


aiTOw-hoad, going from the bismuth to the cop])er across 
the lieatod junction, tlie exi.^Umee of wliieli may )»(* 
detected by means of a compass needle, aa we see in the 
figure. 

Here, then, wo have a case in whicli heat energy 
goes out of cxi:st<?nce, aud is con\'(utod into that of an 
electric current, ixm] wc may even arrange inattei's 
so as to make, on tliis pi’inci|»le, an instruiucnt wliich 
shall 1)0 an extremely delicate test of the existence of 
heat. 


Ly having a number of junctions of bisnmth and 
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antImon 3 % Jis in Fig. 13, and healing the upper set, while 
the lower remain cool, Ave get a 
strong current going ft-om the bis- 
muth to* the antimony across the 
lieated junctions, and wo may pass 
the current so pi odnced round the 
wire of a galvanometer, and thus, 
l)y increasing the number of our 
junctions, and also by using a very 
<lelicate galvanometer, wo maj^ get 
a very perceptible, effect for the Fiir. 13. 

smallest lieating of the upper junctions. This arrange- 
niont is called the iltenniq)ile, and, in conjunction with 
the reflecting galvanometer, it affords the most delicate 
means known for detecting small quantities of heat. 

102. Tlie last transmutation on our list with respect to 
absorbed heat is that in which tliis species of energy is 
transformed into radianf Ihjld and heat. This takes 
l>lace wlienever a hot bod}^ cools in an open space — the 
SUM, for instance, parts with a large cpiantity of his heat 
in this way; and it is due, in part at least, to this process 
that a hot l»ody cools in air, and wholly to it that such a 
body cools in vacuo. It is, moreover, due to the penc 
tration of our eye b}- radiant energy that Ave arc able to 
sec hot bodies, and thus the very fact that avo sec them 
implies that tlicy arc parting Avith their heat. 

Iladiant energy moA^cs through space A\dih the enormous 
velocity of 188,000 miles in one second. It takes about 
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eight minutes to como from the .sun to our earth, so tliat 
if our luminary were to be smh.lenly oxUngulshe*!, we 
should liavo eight minutes, respite l)(?fore tlio calastniphe 
overtook us. Besides the rays that affect tlio eye, there 
are others which wc cannot see, and which may therefore 
he termed dark rays. A body, fur instance, may not be 
hot enough to l>e self-liimiiious, and yet it may be rapidly 
cooling and changing its heat into radiant energy, which 
is given oil* by the body, even aUlioiigh neither the eye 
nor the touch may l>e conipetenb to (.letoct it. It may 
nevertheless be detected by the tliermopile, which was 
descril>ed in Art. 101. We thus see how strong is the 
likeness between a lieated Ijody anti a sounding one. 
For just as a sounding boily gives out part of its sound 
energy to the atmosjdiere around it, so do(*s a lieated 
boily give out part of its heat energy to the eihm*eal 
medium around it. Wlien, however, wo consider the 
rates of nuitiori of the.so energies through their re- 
spective media, there is a mighty dilfereneo hotween 
the two, stjuiel ti-avelling through llie air witli the 
veltjcily of llOi) feet a sectjiid, while radiant energy 
moves over no less a space than 188,000 miles in the 
.same portion of time. 

Chemical. Separalion, 

103. Wo now come to the energy denoted l>y chemical 
sejaiation, .such as avc posse.ss wlien wo liavo coal or 
carbon in one place, and oxygen in another. Very evi- 
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ckntly this form of energy of position is transmuted into 
heat when we burn tlic coal, or cause it to combine with 
the oxyg(‘n of the air; and generally, whenever chemical 
coiiil)iiiation takes place, we have the production of heat, 
even althougli other circumstances may interfere to pre- 
vent its recognition. 

Now, in accordance wnth the principle of conseiwation, 
it may be expected that, if a definite quantity of carbon 
or of liydrogon be burned under given circumstances, 
there will be a definite production of heat ; that is to 
say, a ton of coals or of coke, when burned, will give us 
so many heat units, and neither more or less. We may, 
no doubt, l)urn our ton in such a way as to economize 
more or less of the heat produced ; but, as far as the mere 
production of Ijoat is concerned, it the quantity and 
quality of the material Inirncd and the circumstances of 
coml;>ustion be the same, we expect the same amount of 


heat. 

IG k Tlio following table, derived from the researches 
of Andrews, and those of Favre and Silbermann, shows 
us how many units of heat we may got by binning a 
kilogramme of various substances. 

o 


Units •/ Heat developed hj 

Snbrttnnco 

liuriKHl. 

Hydrogen 

Carbon 

Sulphur 


Combustion in Oxygen. 
KiloffTfimTnos of Water raised 1° C. 
by tlie combustion of one kilo- 
grainiiie of etich substance. 

31,135 

7,000 

2,2G3 
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Kilo^^ranunra of Wntcr raUcd I" C. 


Sub,sfcanoe Viy tiio c«>mbristinn of one kilo. 

Buniod. gramme of each sulxstancc. 

rhospliovus /),7 t7 

Zinc 

Iron 1,*‘»76 

Tin 1,2:}3 

Olefiant Gas 11,1)00 

Alcohol 7,010 


105. There are other metluxls, besides combustion, by 
which chemical combination takes ])!a(:e. 

When, for instance, we idungo a piece of imdallic iron 
ijito a solution of cop{>i*r, we find that when wo take it 
r»ut, its surface is covered with copiio)’. Part of the iron 
has been dissolved, taking tlio place of tli»:‘ coj)t>cr, which 
has therefore Ijeen thrown, in its metallic state, upon the 
surface of tlio iron. Now, in thi.s ojieration heat is given 
out — we have in fact Imrned, or oxi<lize*], the iron, and 
w(j are thus furnished with a means of arrarmiim the 

o o 

metals, lieginning witli that wliich ffives out most lioat, 
when used to displace the metal at the other extremity 
of the series. 

1G6. The following list has been formed, on this prin- 
ciple, by Dr. Andre W.S : — 

1. Zinc 

2 . Iron 

3. Lead 

4. Copper 


5. ilorcury 
G. Silver 
7. Platinum 
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— tliat IS to say, the metal platinum can be disi)laccd by 
any other iiiotal of tli(3 series, but we shall got most heat 
if wc use zinc to displace it. 

We may therefore assume that if we disjjlace a defi- 
nite (juantity i)f platinum by a definite rpiantity of zinc, 
we shall got a delinite amount of heat. Suppose, 
however, that instead of performing the operation in one 
step, we make two of it. Let us, lor instance, first of all 
displace coi)per l »y means of zinc, and then platinum by 
means of copper. Is it not possible that the one of these 
])rocesses may be more fruitful in heat giving than the 
otlKfi* ? Now, Andrews has shown us that we cannot 
gain an advantage over Nature in this way, ami that if 
we use our zinc first of all to dis})lace iron, or copper, or 
Iea»l, and tluui use tins metal to displace platinum, we 
sliall ol,)tain just the very same amount of lieat as if we 
liad used the zinc to displace tlie jJatiniim at once. 

107. It ought here to be mentioned tliat, very generally, 
chemical action is accompanied with a change of 
molecular condition. 

A solid, f »r instance, may bo changed into a licpiid, 
or a gas into a li(pnd. Sometimes the one. change 
count(U'acts the other as far as apparent heat is concerned; 
but sometimes, too, they co-operate together to increase 
the result Thus, when a gas is absorbed by water, 
much hi^at is evolved, and we may suppose the result 
to be due in part to chemical combination, and in part 
to the condensation of the gas into a licpiid, by whicl^ 
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moans its latent heat is rendered sensihle. On the 
other hand, when a rniuid unites with a solid, or wlum 
two solids unite with one another, and tlie product 
is a li(|iud, we have very often the ahsor|)tion of 
lu'at, tlie lioat rendered latent by the dissolution of 
the solid l>eing more than that generated by combina- 
tion. Freezing mixtures owe their cooling jvroporties 
to this cause; thus, if snow and salt be mixed to- 
gether, they liquefy each other, and the result is brine 
of a tem[)erature much lower than tliat of either the 
ingredients. 

1G8. When heterogeneous metals, such as zinc and 
copper, are solder(‘d together, w'c have ap|)a]’ently a 
conversion of the energy of cliemical sej^aration into 
that of dectvlcal sepumtion. This was (irst suggested 
by Volta avS the origin of the electrical soj^aration which 
wo see in tlic voltaic current, and recently its existence 
has been distinctly })r<)ve<l by Sir W. Thomson. 

To rend(?r rnanilest this conversion of energy, let us 
solder a ]>iece of zinc and copper together — if wo noAv 
test tlie bar ly means of a delicate electrometer wo shall 
find tliat tljo zinc is positively, while the coi»}>er is neg.a- 
tivel}'', eloctrilied. We have lioro, therefore, an instance 
of the transmutation of one form of encugy of position 
into another; so much energy of cliemical sej>aration 
disajipearing in onhu* to produce so mucli electrical sepa- 
ration. Tins explains tlio fact recorded in Art 93, 
where we saw that if a batbuy be insulated and its poles 
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kept apart, tlie one will be charged with positive, and 
the other with negative, electricity. 

109. But further, when such a voltaic battery is in 
action, we have a transmutation of chemical separation 
into ekiitiicity in inotion. To sec this, let us consider 
what takes place in .such a battery. 

Here no doubt the sources of electrical excitement are 
the i)oints of contact of the zinc and platinum, where, as 
wc see by our last .article, we have electrical separation 
jn'oducod. But this of itself would not produce a 
current, for an electrical current implies very consider- 
able energy, and mirst be fed l)y something. Now, in 
the voltaic battery wc have two things ■which ac- 
company each other, and which are manifestly con- 
nected togi-ther. In tlie first place wo have the com- 
bustion, or at least the oxidation and dissolution, of 
the zinc ; and Ave have, secondly, the production of a 
powerful current. Noav, evidently, the first of these is, 
that Avhich feeds the second, or, in other Avords, the 
energy of chomic.al .separation of the metallic zinc is 
trfinsmuted into that of an electrical current, the zinc 
being Aurtually burned in the process of transmutatioa 

170. Finally, as far as avc are aware, the energy of 
chemical separation is not directly transmuted- into 
radiant light and heat. 
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Electrical Se^yaration. 

171. In tlio ilrst j)lace the energy of electrical separa- 
tion is obviously transmuted into that of visible 'tnoiion, 
when two op]) 0 .sitely electriiied bodies aj)proach each 
other. 

172. Again, it is transmuted into a current of 
electricify, and idiimately into heat, when a sjjark iiasscs 
l>etween two oiipositely electrified botlies. 

It ouglit, therefi>re, to be borne in miml that wlien llu^ 
flash is seen tliere is no longer electricity, what we see 
being merely air, or some other material, intensely heated 
hy the discharge, 'llius a man jnight be rendered iii- 
sensilflc by a flash of lightning \\ itliout his s(‘eiiig the 
flasli — fur the effect of the discliarge iijxvu the man, and 
its elFect in heating the air, might bo |>henomena so 
nearly simultaneous that the man miglit become iu- 
.seiiisiLle before he could pei'ceive the Hash. 

Electricity in Motion, 

173. This energy is transmuted into that of visible 
'tiiotloa wheij twi.) wires conveying electrical currents in 
tlie same direction attract each other. When, for in- 
stance, two circular currents float on water, l»oth going 
in the direction of the hands of a watch, we have seen 
from Art. 100 tliat they will move towards each other. 
jSow, liere there is, in truth, a lessening of the intensity 
of each current wlien the motion is taking place, for 
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^\0 know (Art. 101?) that when a circuit is moved into 
tlie presenco of anotlicr circuit conveying a current, 
tlioro is produced hy induction a current in the opposite 
direction ; and hence wo perceive that, when two similar 
currents approacli each otlior, each is diminished hy 
moans of this inductive influence — in fact, a certain 
amount <.»f curnuit energy disappears from existenci) 
in ui'der that an equivalent amount of the energy of 
visi1)Ie motion may ho produced. 

17L Electricity in motion is transmuted into heat 
during tlio passage of a current along a thin wire, or any 
hadly conducting suhstance — the Avire is heated in con^ 
sequence, ami may even hecomo wdiite hot. Most 
frequently the energy of an electric ciuTciit is spent in 
lieating the wires and other materials tliat form the 
circuit. Now, the energy of such a current is fed hy the 
hurning or oxidation of the metal (generally zinc) Avhich 
is used iji the circuit, so that tlie ultimate eflect of this 
comlnistion is the heating of the various wires and other 
materials thi*ougli which the current jjasses. 

175. We may, in truth, burn or oxidize zinc in two 
ways — we may oxidize it, as wc have just seen, in the 
voltaic battery, and wo shall find that by the comlnistion 
of a kilogramme of zinc a definite amount of heat is 
l)ro<hiced. Or we may oxidize our zinc by dissolving it 
in acid in a single vessel, when, Avithoiit going through the 
intermediate process of a current, we shall get just as 
much heat out of a kilogramme of zinc as avc did in the 
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former case. In fact, Avlietlier w'c oxidize o\ir zinc l>y tin* 
battery, or in tlu* ordinary way, tlie (]uantity (»f lieat 
produceil will always bear the same relation to tlu* 
quantity of zinc eonsiimed ; tlie only dillerence bein^^ 
that, in the ordinary way of oxidizing zinc, the heat is 
gvnerate<l in the vessel containing the zinc and acid, 
while in the battery it may make its ai)[)t‘{n-anee a 
thousand miles away, if we have a sulliclently long wire 
to com ey our current 

170. This is, perhaps, the right place fbr alluding to a 
discovery of Peltier, that a current of i>ositive electricity 
pas.sing acn>ss a junction of bismutli ami antiinuny in 
the direction from the bismuth to the antimony api»ears 
to produce C(»ld 

To nmlerstand the significance of tliis fact we must 
consid^n* it in connection Avith the t]im’inr)-eiectrio 


current, which avo have seen, fiom Art 101, is (‘stablislu‘d 
in a circiiit <»f Insinuth and antinionv, of which one 
junction is hotter than the oilier. 8ui>])ose we liaA'e a 



circuit of this kind Avitli both its juncti(»ns 
at tl.e temperature of 100' C. to ]>egin witli. 
Suppose, ne-xt, that wliile Ave protect one 
junction, avo expose the oilier to the opeti 
air — it will, of course, l«>.se heat, so that 
tlie protected junction will tioav be liotter 
than the other. The consequence Avill he 
(Art. 101) that a current of [lositive elec- 


tricity wdll pass along tlie proteetiMl junc- 
tion from the bismuth to the antimony. 
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Now, hero we Lave an ap]:)aront anomaly, for the 
circuit is coolinij — that is to say, it is losing energy 
— but at the very same time it is manifesting energy 
in another shape, namely, in that of an electric current, 
which is circulating round it. Clearly, then, some of 
the heat of this cii’cuit must be spent in generating 
this current; in fact, we should expect the circuit to 
act as a heat ( ngine, onl}^ producing current enei*gy 
instead of mechanical eneigy, and hence (Art. 152) wc 
should ex])ect to see a conveyance of heat from the 
hotter to the colder parts of the circuit. Now, this is 
precisely what the current docs, for, ]>as,siiig along the 
hotter junction, in the <nrection of the arrow-licad, it 
Cf^ols that junction, and heats the colder one at C, — in 
other words, it carries heat fi*om the liotter to the colder 
jiavts of the circuit. We should Iiavc hccii very much 
surprised had such a current cooled c and lieatcd li, 
f<jr then we should liavc had a manifestation of current 
energy, aceompauieil witli the conveyance of heat from a 
colder to a hotter sul.»stance, which is against the principle 
of Art. 152. 

177. Finally, the energy of electricity in motion is 
converted into that of chnaiCLd svpavation, wlicn a 
cuiTcnt of ek'cti'icity is made to decompose a body. 
Part of tlie energy of the curnuit is spent in this process, 
and we shall get so much less heat from it in conse- 
quence. Suj)]M)SO, for instance, tliat by oxidizing so 
much zinc in tlio battery we get, under ordinary circuni- 
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stances, 100 units of heat. Let us, however, set the 
battery to decoinpose water, and we sludl jM’obably find 
that by oxidizing the sanic amount of zitic we get now 
only 80 units of heat. Clearly, tlien, the deficiency or 
20 units have gone to decompose the water. Now, if avo 
explode tljo mi.xed gases which ai’o the vcsulfc of tlio 
decomin»sition, we shall get back these 20 units of 
heat precisely, and neither more nor less ; and thus we 
see that auii«l all such changes tlie (piantity of energy 
remains the same. 


Entrfjy, 

17vS. This form <1* eneigy is c<en'erted into ahfu/rhcJ 
heat wlienevei'it falls upon an opa'pie suhstaiu^e — some of 
it, however, is generally conveyed away hy relloxirai, but 
tliO remainder is al>.snihed by the lMw.]y, and consequently 
heats it. 

It is a curious (picstion to ask vrhat bf‘como.s of the 
radiant light IVom the sun that is not ahsorhed either by 
tin.: planets of our system, or l»y any of tlio stai’s. We 
can only o ply to such a question, that o.v far as v:c can 
fruni rarr l:nov?h<hjf, tlte radiant energy 

tliat is not absorl,»cd must lx? conceived to ]»e ti*a versing 
space at the rate of 188,000 miles a secoiid. 

170. There is only one more tiansmutation of ra<liant 
energy that we know of, and that is when it promotes 
chemical ration. Thus, certain rays (.)f the sun are 
know’ll to have the power of decomposing chloride of 
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silver, and othes chemical compounds. Now, in all such 
cases there is a transmutation of radiant energy into 
that of chemical sepaiatioa The sun’s rays, too, decom- 
pose carbonic acid in the leaves of plants, tlie carbon 
going to form the M'oody fibre of the jilant, while the 
oxygen is set free into the air; and of course a certain 
proportion of the energy of the solar rays is consumed 
in promoting this change, and we have so much less 
heating effect in con.se(]iuence. 

But all the solar rays have not this power— for the 
j.roperty of promoting chemical change is confined to the 
blue and violet rays, and some others which are not 
visible to tlic eye. Now, tliese rays are entirely absent 
from the radiation of bodies at a comparatively low 
temperature, such as an ordinary rod heat, so that a 
photographer would find it impossible to obtain the 
picture of a red-hot body, whose only light was in itself. 

180. The actinic, or chemically active, rays of the sun 
decompose carbonic acid in the loaves of plants, amd they 
disappear in consequence, or are absorbed ; this niay, 
therefore, be the reason why very few such ra 3 -s a,re cither 
reflected or transmitted from a sun-lit leaf, m conse- 
quence of which the photogiapher finds it difficult to 
obtain an image of such a leaf; in other words, the rays 
which would' have produced a chemical chanp on ^ 
photographic jdate have all been used up by t e 


])eeuliar purposes of own. 

181, And here it is important to bear m 


mind that 
K 
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while animals in tlie act of broatliing consume tlie 
oxygon of the air, turning it into carbonic acid, plants, 
on the other hand, restore the oxygon to the air ; thus 
the two kingdoms, tlie animal and the vegetable, work 
into each other s hands, and the purity of the atjiiosphere 
is kept up. 
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CHAPTER V. 

HI^TOmnAL SKETCff: THE DI^FiTPATION OF 
ENERCrV, 

182. Is the last ohai>tcr ^vc Lave enrleavcnired to ex- 
hibit the various transiuiitations of eiui'gy, and, while 
doing so, to bring forward evidence in favour of the 
theory of con.sei’vation, showing that it enables us to 
couple togetlier known laws, and also to discover new 
ones — shov'ing, in fine, that it bears about with it all the 
marks of a t rue hy])o thesis. 

It may now, pcrha}).s, be instinctive to look back and 
endeavour to tiace tlie progivss of this great conception, 
from its first ])Oginiiiug among the ancients, up to its 
triumphant ostablisliment by the labours of Joule and 
his fellow-workers. 

18^3. ^lathematicians inform us that if matter consists 
of atoms or small parts, which are actuated by forces 
(lej)cnding only upon the distances between these parts, 
and not upon the velocity, then it may be demonstrated 
that tlie law of conservation of energy will hold good. 
Thus we see that conceptions regarding atoms and their 
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forces are allied to conceptions loijarding energy. A 
medium of some sort pervading sj>aee seetns also neces- 
sary to our tlieoiy. In fine, a univei’se composed of 
atom.s, with some soi't of medium between them, is to 
be regarded as the macliine, and the law.s of energy- as 
the laws of working of this machine. It may be that 
a theory of atoms of this sort, with a medium between 
them, is not after all the simplest, but we are proba- 
bly not yet prepared for any more general hypothesis. 
Now, we have only to look to our own solar system, in 
order to see on a large scale an illustration of this ctmeep- 
tion, for there we have the various heavtmly bodies attract- 
ing one another, with forces depending only on the dis- 
tances between them, and independent of the velocities; 
and we have likewise a medium of some sort, in virtue of 
which radiant energy is conveyed from the sun to the earth. 
Perhaps we shall not greatly err if vve regard a molecule 
as reprc.senting on a .small scale something analogous to 
the solar .system, while the v'arious atoms which con- 
•stitute the molecule may be likened to the variou.s bodicss 
of the solar .system. The short historical sketch which 
we arc about to give will embrace, therefore, along with 
energy, the progi-eas of thought and speculation with 
respect to atoms and also with re.spect to a medium, in- 
asmuch as these subjects are intimately connected with 
the doctrines of energy. 
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Heraclitus on Energy, 

lS4f. Heraclitus, who flourished at Ephesus, B.C. 500, 
declared that fire was tlie great cause, and that all things 
were in a perpetual flux. Such an expression will no 
doubt be regarded as very vague in these days of pre- 
cise physical statements; and yet it seems clear that 
Heraclitus must have liad a vivid conception of the 
innate restlessness and energy of the universe, a concep- 
tion allied in character to, and only less precise than that 
of modern philosoplxprs, who regard matter as essentially 
dynamical. 


Democritus on Atoms. 

185. Democritus, who was born 470 B.C., was tho 
originator of the doctrine of atoms, a doctrine which in 
the hands of John Dalton has enabled the human mind 
to lay hold of the laws wdiich regulate chemical changes, 
as well as to picture to itself what is there taking place. 
Perhaps th(*re is n<i doctrine that has nowadays a more 
intimate connection with the industries of life than this 
of atoms, and it is probable that no intelligent director of 
chemical industry among civilized nations fails to picture 
to his oAvn mind, by means of this doctrine, the inner 
nature of the changes wdiich he sees wdth his eyes. Now, 
it is a curious circumstance that Bacon sliould have 
lighted upon this very doctrine of atoms, in order to 
point one of his philosophical morals. 
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** Xor is it less an evil (says lie), “that in tlieir philosophies 
and conteTnj)Iati<nis men spend thta’r labour hi i u vest ting 
and treating of the first prineiplos of things, ainl tlio extr'eino 
limits of nature, nheii all tliat is useful and of avail in 
operation is to be found in wliafc is intermediate. Hence it 
lia]>pens tb.at men continue to abstract Xalure till they arrive 
at potential and unformed matter; and again tluy continue 
to divide Nature, until they liave arrived at the atom; things 
which, even if true, can be of little use in helj>ing on the 
fortunes of men.’* 

Surely’' ought to Joarn a ]ess(.»ri fVoni tlu'se remarks 
of tlie great Father of ex])eninental science, ami bo voty 
cautious before Ave dismiss aiiA' hraiich (d' knowledge or 
train of thought avS essentially’ unprofitable. 

Avif<tofle on a MeJiinn. 

180. As regards the existence of a medium, it is re- 
marke’d ly Wlnywell that the ancients also caught a glimpse 
of the idea of a me<lium, ly wliich tin* (pialities of bodies, 
as cultairs an<l sounds are perceived, and lie quotes the 
following from Aristedle : — 

‘‘In a void there couhl be no difTercnce of up and down; 
for, as in n^dhing there are no dilTcrcnce.s, so there are none 
in a privation or negation.” 

Upon tills the Iji.stoiiaii f>f science remarks, “It is 
easily'' seen that siieli a mojo of reasoning elevates 
the familiar forms of language, and tlio intellectual con- 
nexions of terms, to a supremacy over fiicts.'’ 

Nevertheless, may it not be replied that our conceptions 
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of matter are deduced from the familiar experience, that 
ceitain portions of space affect us in a certain manner ; 
and, consecpiently, arc wo not entitled to say there must 
be sometliing wlierc we experience the difference of up 
or down? Is thoi’c, after all, a very great difference 
l>etwoon this argument and tliat of modern physicists in 
favour of a plenuin, who tell us tliat matter cannot act 
where it is not ? 

Aristotle seems also to have entertained the idea that 
liglit is not any body, or the emanatiem of any body (for 
that, he says, would be a kind of body), and tliat tliere- 
foro liglit is an energy or act. 

The Ideas of iJte A ncients vjere not Prolific 

1S7. These ipiotations render it evident that the 
ancients had, in some way, grasped the idea of the 
essential unrest and energy of tilings. They had also the 
i<lea of small particle.s or atoms, and, finally, of a medium 
of some sort. And jx-t these ideas were not prolific — 
they gave l ise to nothing new. 

Now, v'liile the historian of science is imcpiestionably 
right in his criticism of the ancients, that their ideas 
were not distinct and ajipropriate to the facts, yet we 
liave seen that they were not wholly ignorant of tlio 
most profound and deeply'Scatod principles of the mate- 
rial universe. In the great liymii chanted by Nature, the 
iundamental notes were early heard, but yet it required 
long centuries of patient waiting for the practised ear of 
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the skilloJ iiuisician to appreciate the mighty harmony 
aright. Or, perliaps, the attempts of the ancients wore 
as the sketches of a child who just contrives to ex- 
liibit, in a rude way, the leading outlines of a building ; 
while the concejitions of the practised physicist are more 
allied to those of the architect, or, at least, of one who 
has realized, to some extent, the architect’s views. 

18S. The ancients possessed gi'cat genius and intellectual 
power, but they were deficient in physical conceptions, 
and, in consequence, their ideas wore not prolilic. It 
cannot indeed be said that wo of the present age arc 
deficient in such conceptions ; nevertheless, it may be 
que.stioned whether there is not a tendency to rush into 
the opposite extreme, and to work physical conctqUions to 
an excess. Let us be cautious that in avoiding Scylla, wo 
do not riisli into Charybdi.s. For tlie univemo has more 
than one iioint of view, and there are possibly regions 
which will not yield their treasures to the most deter- 
mined physicists, armed only with kilogrammes and 
metres and standard clocka 

Drsmrlf's, Xfucion, and ITuyyliens on a Medium, 

189. In modern times Descartes, autlior of the vertical 
liyjiotliesis, necessarily presupposed the existtuice of a 
medium in iriter-jilanetary s[)acoH, but on the oilier hand 
he was one of the originators of that idea wliich regards 
light as a scries of particles shot out from a luminous 
body. Newton likewise conceived the existence of a 
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medium, although he became an advocate of the theory of 
emission. It is to Huyghens tliat the credit belongs of 
having fii’st conceived the undulatory theory of light 
with sufficient distinctness to account for double refrac- 
tion. After liim, Young, Fresnel, and their followers, 
liave greatly fleveloped the theory, enabling it to account 
for the most complicated and wonderful plienomena. 

Bacon on Heat 

190 . With regard to the nature of heat, Bacon, what- 
ever may be thought of his arguments, seems clearly to 
liave recognized it as a species of motion. He says, 
" From thiise instances, viowc<l together and individually, 
the nature of which lieat is the limitation seems to be 
motion ; ” and again he says, “ But when we say of 
motion that it stands in the place of a genus to heat, we 
mean to convoj'’, not that luut generates motion or motion 
heat (altliougli even both may be true in some cases), but 
that essential heat is motion and nothing else.” 

Nevei’theloss it required nearly three centuries before 
tile true theory of heat was sufficiently rooted to develop 
into a productive hypothesis, 

Priiwiple of Virtual Velociiicf^. 

191 . In a previous chapter ^ve have aheady detailed 
the labours in respect of heat of Davy, Rumford, and 
Joule. Galileo and Newton, if they did not grasp the 
dynamical nature of heat, had yet a clear conception of 
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tlie functions of a machine. The former saw that wliat 
we gain in |H>wer we lose in space ; while tlie hit toi' went 
further, and saw that a machine, if loft to itself, is strictly 
]nnito«l in the amount of work which it can accomplish, 
although its energy may vary from that of motion to 
tliat of position, and l»ack again, according to tlie 
geometric laws of the machine. 


Rise of true Conrepflons retjardivfj Tf orir. 

192. There can, we think, he no (piestion that the great 
(levelopment of industrial op(‘?*ations in tljo ]uvsent age 
]ia.s indirectly furtliered our conceptions regariling work. 
Humanity invariably strives to e.scai>o as mueli as 
possible from liai'd work. In the days of old those 
who had the power got slaves to work for them ; 
luit even tlieu the master had to give some kind of 
equivalent for the work done. For at tlie very lowest a 
slave is a inacliiue, and must be fed, and is moreover a|‘t 
to i»rove a very troul>lesome machine if not proiierly 
dealt with. The great im}>njvements in the steam 
engine, introduced by Watt, have done as inudr piuhaps, 
as the aboliiion of slavery to lauielU tlie woi king man. 
The liard work of tlie world has been put upon iron 
shoulders, that do not smart; and, in ctinsequenee, we liavo 
had an immen.se extension of industry, and a great 
amelioration in the position of tlie lower classes of man- 
kind. But if wo liavc ti’ansferred our liard work to 
madiines, it is iiece.ssary to know how to question a 
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mad line — how to say to it, At what rate can you 
]a1>‘>ur ? how imidi work can you turn out in a clay ? 
It is necessary, in fact, to have tlie clearest possible idea 
of what work is. 

Our readers will see from all this that men are not 
likely to ovr in tlutir nietliod of measuring Avork. The 
principles of nieasiironient have Ijeen stamped as it were 
with a brand into tlie very heart and brain of humanity. 
To the emi)loyer of machinery or of human labour, a 
ialse method of measuring work simply means ruin ; he 
is Ukely, tliereforo, to take the greatest possible pains to 
aiTive at accuracy in his determination. 

Pcr'pctual Alotion. 

193. Now, amid the crowd of workers smarting from 
the curse of labour, there rises up every now and then 
an enthusiast, wl io seeks to escape by means of an artifice 
from tliis insupportable tyranny of work. Why not 
construct a maclunc lliat will go on giving you work 
without limit without the neccssit}^ of being fed in any 
way. Nature must have some Aveak point in her armour ; 
there must surely be some Avay of getting round her ; she 
is only t^'raiinous on the surface, and in order to stimulate 
our ingenuity, but Avill yield Avith pleasure to the i)er- 
.sist(*,nco of genius. 

Now, Avhat can the man of science say to such an 
entlmsiast ? Ho cannot tell liim that he is intimately 
ac<piainted Avitli all the forces of Nature, and can proA^e 
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tliat perpetual motion is impossible; for, in truth, he 
knows very little of those forces. But he docs think 
that he luis cnterod into the spirit and dosii^n of Nature, 
and therefore he denies at once the j)ossil)ility of such 
a maclune. But ho denies it intelliwntlv, and works 
out this denial of his into a theory winch enables him 
to discover numerous and valuable relations between the 
properties of matter — pro<luces, in fact, the laws of energy 
and the great principle of conservation. 

Theory of Conservation. 

104. Wo have thus endeavoured to give a short sketch 
of the history of energy, including its allied problems, up 
to the dawn of the strictly scientitic porioii We have 
seen that the unfruitfulne.ss of the earlier views was due 
to a w’ant of scientific clcamess in the conce|)tions enter- 
tained, and w’C have now to say a few words regarding 
the theor\' of conservation. 

Here? also the w'ay w^as pf)intod out by two philoso- 
phers, namely, Grove in this country, and Mayer on 
tlie continent, wdio showe<l certain relations between 
the various forms of energy ; the name of Sdguin 
ought likewise to be mentioned. Nevertheless, to 
Joule bolong.s the honour of establishing the theory on 
an incontrovertible basis : for, indeerl, tliis is pre- 
eminently a case where .speculation luis to be tested by 
unimi>eachal)le experimental e\idence. Here the magni- 
tude of the principle is so vast, and its importance is so 



TUE DISSIPATION OF ENEllGY. 141 

gl’cat, that it requires the strong fire of genius, joined to 
tlio patient laliours of tlie scientific cxporinientalist, to 
forge the rough ore into a good weapon that will cleave 
its w^ay through all obstacles into the very citadel of 
Nature, and into her niost secret recesses. 

Following closely upon the labours of Joule, we have 
those of William and James Thomson, Helinlioltz, Ran- 
kinc, Clausius, Tait, Andrews, Maxwell, who, along 
with many others, liavc advanced the sulyect ; and while 
Joule gave his chief attention to tlie law's w^hich regu- 
late the traiisnuitation of mechanical energy into heat, 
Thomson, Ilankine, and Clausius gave theirs to the con- 
verse j)roblein, or that which relates to the transmutation 
of heat into mechanical energy Tlioinson, especially, 
has pushed forw ard so r(?solutely from this point of view 
that he luxs succeeded in giasping a principle scarcely 
inferior in iiii])ortanco to tliat of the conservation of 
energy itself, and of this principle it behoves us now to 
speak. 

DUsipation of Energy, 

IDo. Joule, w’e have said, proved the law according 
to wdiich work may be changed into heat ; and Tlioinson 
and others, tliat according to wdiich heat may be changed 
into w'ork. Now’, it occuired to Thomson that there was 
a very important and significant difference between these 
two laws, consisting in the fact that, while you can wdth 
the greatest ease transform work into heat, you can by 
no method in your powor transform all the heat back 
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again into work. In fact, the process is not a reversible 
one ; and the consequence is tliat the mechanical energy 
of tlie univei‘se is becoming every clay more and more 
changCMi into heat. 

It is easily seen that if the process were reversible, 
one form of a perpetual motion would not be impossi- 
ble. For, without attempting to create energy by a 
machine, all that would be noedod for a perpetual motion 
would be the means of utilizing the vast stores of heat 
that lie in all the substances around us, and converting 
thorn into woi'k. The work would no douht, by means 
of friction anil otlierwis*^, be nltimately reconverted into 
heat ; lait if tlio in-ocess 1)0 reversible, the lieat could 
again be converted into work, and so on for ever. But 
the irreversibility of the process puts a stop to all this. 
In fact, I may convince m>’seir by mblnng a metal 
button on a piece of wood how easily work can Ijo 
converted into heat, while the mind completely fails to 
suggest any inethoil by which tliis heat can l>o recon- 
verted into work. 

Now, if tliis process goes on, and always in one 
direction, there can l»e no doubt about the issue. The 
mechanical energy of the universe will l)c more and 
more transformed into universally diffused heat, until the 
universe will no longer be a fit abo<l(5 for living beings. 

The conclusion is a startling one, and, in order to 
bring it more vividly before our readci*s, let us now pro- 
ceed to acrpiaiiit ourselves with the various forms of uj-c- 
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fill enorgy that are at present at onr disposal, and at the 
same time endeavour to trace the ultimate sources of 
these supplies. 

Natural Energies and their Sources. 

19G. Of encrg>" in repose we have the following 
varieties : — (1.) The energy of fuel. (2.) That of food. 
(3.) That of a head of w'ater. (4.) That wliicli may he 
derived IVoin the tides. (5.) Tlio cnei*gy of chemical 
separation implierl in native sulphur, native iron, &:c. 

Tlien, A\ ith regard to energy in action, w-c have mainly 
the following varieties : — 

(1.) The energy of air in motion. (2.) That of water 
in motion. 

Fuel. 

197. Let us hogin first wdth the energy implied in fuel. 
We can, of course, Inirn fuel, or cause it to combine with 
th(‘ oxygen of the air ; and w^e are thorehy provided wdth 
largo ipiantiti(!.s of heat of high tem])erature, by means ot 
which we may not only warm ourselves and cook our 
food, hut also drive our heat-engines, using it, in fact, as 
a source of mechanical power. 

Find is of two varietiivs — wood and coal. Now, if we 
consider the origin of the.se w’c sliall see that they are 
pro<luced l>y the sun's rays. Certain ot these rays, 
as we have alri'aily remarked (Art. 180), decompose 
carbonic acid in the leaves of plants, sotting free the 
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oxygen, while the carbon is used for the structure or 
wood of the plant. Now, the energy of these rays is 
spent in this proces.s, and, indeed, there is not enough 
of such energy loft to ])roduce a good photographic im- 
pression of the leaf of a plant, because it is all s|jent in 
making ^\'oocl 

We tlius see that tlie energy implied in wood i.s 
derived from the sun’s rays, and the same remark applies 
to coal. Indeed, the only tlilference l>ctween wood and 
coal is one of age : wood being recently turned out from 
Nature’s laboratory, \v hile thousands of years have elapsed 
since coal formed the leaves of living plants. 

108. We are, therefore, perfectly justified in saying that 
the energy of fuel is de rives! from the sun’s rays ; * coal 
being the store which Nature has lai<l np as a species of 
capital for us, while wood is our precarious yearly income. 

We are thus at present very much in tlio position 
of a young heir, wlio has only recently come into his 
estate, and who, not content with the income, is rajudly 
SfiuandL'ring his realized propeHy. This subject has been 
forcibly lirought before us l>y Professor Jevons, who 
has remarked that not only arc we spending our 
capital, but we are sj)ending the most availalilc and 
valuable i)art of it For we arc now \ising the surface 
coal ; but a time will come when thi.s will he exhausted, 
and we shall be compelled to go deep down for our 

* TIiiB fact seems to have been known at a comparatively early period 
to Herechfel and the elder Stephenson, 
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supi»llps. Now, reiigarded as a source of energy, such 
supplies, if far down, will be less effective, for wc have 
to deduct the amount of energy requisite in order to 
bring tliein to tlie surface. The result is that we must 
contcinjdate a time, however far distant, when our sup- 
jilies of coal will be exhausted, and ’we shall be com- 
pelled to resort to other sources of energy. 

Food, 

199. The energy of food is analogous to that of fuel, 
and serves similar purposes. For just as fuel may be 
used either for producing lieat or fVa* doing work, so food 
has a twofold office to perform. In the first place, by its 
gradual oxidation, it k(‘eps up tlic temperature of the 
body; and in the n(‘xt place it is used as a source of 
energy, on which to draw" for the performance of w^ork. 
Tims a man or a horse tliat Avorks a great deal requires 
to eat more fi)od tlian if he does not ^voYk at all. Thus, 
also, a |)rison(u* condemned to hard labour requires a 
lietter diet tlian one wdio does not work, and a soldier 
during the fatigues of war finds it necessary to eat more 
than during a time of peace. 

Oui* food may be either of «animal or vegetable origin 
if it bo the hitter, it is immediately derived, like fuel, 
from the muirgy of the sun’s rays: but if it be the fonnor, 
tlie onh^ difierence is that it has passed through the body 
of an animal before coming to us: the animal has eaten 
grass, and we have oaten the animal. 

L 
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In fact, we make use of tlio animal not only as a 
variety of nutritious foorl, but also to enable us indirectly 
to utilize those vegetable products, .such as gras.scs, which 
we could not make use of directly with our present 
digestive organs. 

Head of Water. 

200. The energy of a heail of water, like that of fuel 
and food, is brought about by the sun’s rays. For the 
sun vaporize.s the water, which, condensed again in up- 
lainl districts, becomes available as a head of water. 

There is, lH)wevor, the {lilferencc that fuel and food are 
due to the actinic power of the .sun’s rays, while the 
evaporation and condensation of water are caused rather 
by their heating effect. 


Tidal Encr<jy. 

201. The cnerg)’ derived from the tide.s has, however, 
a different oi igiu. In Art. 13;} we have endeavoured to 
.show how the moon act.s upon the fluid portions of 
our globe, the re.sult of thi.s action being a very gi'adual 
.stoppage of the energy of rotation of the earth. 

It i.s, therof<.)re, to this motion of j'otation that we 
must look as the origin of any available energy derived 
from tidal milk 
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* Native Hulp}iVA\ Jtc, 

202. The last variety of aA^ailable enerejy of position 
in our list is that implied in native sulphur, native iron, 
kQ. It has been reniarkcd by Professor Tait, to whom 
this nictliod of revienving our forces is due, that this may 
be the primeval form of energj^ and that the interior of 
the eartli may, as for as we know, be wholly composed of 
matter in its iincombincd form. As a source of available 
energy it is, liowcver, of no practical iniportanca 

A ir and Water in Motion. 

203. AVc j>roceed next to those varieties of available 
energy which represent motion, the chief of vrliich are 
air in motion and water in motion. It is owhig to the 
former that the mariner spreads liis sail, and carries his 
A cssel from one part of tlic earth's surface to another, 
and it is likewise owiirj: to the same influence that the 
windmill grinds our corn. Again, Avater in motion is 
used perhaps even more freipiontly than air in motion as 
a source of motive power. 

Ilotli these varieties of energy are due Avithout doubt 
to the heating effect of the sun's rays. We may, there- 
fore, affirm that Avith the exception of tlie totally insig- 
nificant sup|»ly of native sulphur, frc., and the small 
number of ti<lal mills Avhich may be in ojjeration, all 
our available energy i.s due to the sun. 
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The Sun — « <So?/7W of ITujK Terfijwrature Heat. 

20t. Lot Ui=;, ilioivii>n', now for a inonient direct ovir 
atttnitii)!! to that most woiulorlViI source of energy, the 
Sun. 

We have heio^ vast reservoir of hif»‘h temperature 
lioat ; now, this is a kind of suporiiu* eneigy wliieh has 
always l)een in much rerjuest. Numherl(‘s.s attempts 
have heen made te C(»nstniet a pt'rpidual light, just as 
.similar attempts have lu'en made to constiaiet a perpetual 
motion, with this dilfereiUM*, that a perpetual liglit was 
supjw>s»‘d to result from magical j»owers, v hile a perpetual 
motion, was attrilnited to mi'chnnieal skill. 

Sir Walter Scott alhuhs to this heli(‘f in his de~ 
s(‘ription of the grave of iriehael Scott, wliieh is madt* 
to contain a per|)etual liglit. Tlm.s the Murdc who buried 
the wizard tells William of I.>el<iraine — 

** Lo, Wurrior ! nnw tlio Oro>B of Uo(l 
to Hravc ^ f tlio iriighl.y 
Witliin it V/urn.s h woujlnma 
To file lovo tlip uir'lit. 

Tii:.!!. lamp nhall bum unquenrhably 
Unlil the eo*rna] tloi»m s-liall be.” 

An<1 again, when ilie toml> was opmicd, we read — 

** I wr;Ti]»j you brsfl been f:»> 

Bow the H'/ht broke forth eo jL^loriouslv, 

Str('n,rnM upward to tlio chance] roof, 

Aud tlirtjugh the *;'all<:nes far aloof! 
earthly Ha me blazol o’er so bn’jLd.t.” 
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No earthly flamo— there the poet was right— certainly 
not of this earth, where light and all other forms of 
superior energy are essentially evanescent. 


A Pcrpetaal lAfjJd Inipomhle, 

205. In truth, our readers will at once perceive that 
a perpetual light is only another nanie for a perpetual 
motion, because we can always derive visible energy out 
of liigh temperature lieat — indeed, we do so every day 
in our ste/im engim^s. 

When, therefore, we ])urn coal, and cause it to comhine 
with the oxygon of tin? air, w e derive from the process a 
large amount of high temjierature heat. But is it not 
possible, our readers ma}^ ask, to take the carbonic acid 
which J‘(‘sults fi'om the comlmstion, and by means of low 
tempera ttin? iu'at, of which we have always abundance at 
our disposal, change it back again into carbon and oxygen ? 
AH this w'ould be possildc if what imiy be termed the 
temperature of disassociation — that is to say, the 
t(,‘m[ieratin’e at which carbonic acid separates into its 
constituents — w ere a low- temperature, and it w^oiild also 
be possilile if rays from a source of low^ temperature p«)s- 
sessed suHicii'iit actinic power to deeoin[)oso carbonic acid. 

But neltber of tliese Is the. case. Jsaturo will not be 
eaiiglit in a trap of this kind. As it for the very pur- 
])Ose of sto[»ping all siieli speculations, the temperatures 
of disassociation for such substances as carbonic acid are 
very high, and the actinic rays capable ot causing their 
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decomposition belong only to sources of exceedingly high 
temperature, such as the sua* 

Is the Sun an Exceptiont 

206. Wo may, therefore, take it for granted that a per- 
petual light, like a })erpctual motion, is an imi)ossibiIity ; 
and we have then to inquire if the same argument 
applies to our sun, or if an exci‘ptioii is to l>c made in 
his favour, D(X?s the sun stand upon a footing of his 
own, or is it merely a question of time with him, as witli 
all other instances of high temperature heat ? Before 
attempting to answer this question lotus inquire into the 
probable origin of the sun’s heat. 

Origin of the Smis Heat 

207. Now, .some miglit be disposed to cut the Gordian 
knot of such an inquiry by asserting that our luminary 
was at first created hot ; yet the scientitic mind iin<]s 
itself disinclined to repose upon such an assertion. We 
pick up a round p(d)l)le from the beach, and at once 
acknowledge there has l)een some physical cause for tlie 
shape into which it ha.s been worn. And so witli regaid 
to the heat of the sun, wc must ask ourselves if tbero 
be not some cause not wholly imaginary, but one which 
we know, or at least suspect, to bo perhaps still in opera- 
tion, which can account for the heat of the sun. 

Now, here it is more easy to show what cannot 


• This remark is duo to Sir William Thomami, 
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account for the sun’s heat than what can do so. We 
may, for in.stance, he perfectly ceiiain that it cannot 
have been caused by chemical actioa The most probable 
theory is that which Avas fimt worked out by Helmholtz 
and Thomson ; * and Avhich attributes the heat of the 
sun to the primeval enei-gj'’ of position possessed by its 
jmrticlea In other word.s, it is supposed that the.se pai-ti- 
clcs originally existed -at a great distance from each other, 
and that, being endowed with the force of gravitation, they 
have since gradually come together, while in this process 
heat lias been generated just as it would be if a stone were 
dro})ped from the top of a cliff towards the earth. 

20S. Nor is thi.s case wholly imaginary, but wo have 
some reason for thinking that it may still be in operation 
in the case of certain nebuhu which, both in their consti- 
tution as revealed b}’’ the spectroscope, and in their 
general appearance, impress the beholder with the idea 
that they are not yet fully condensed into their ultimate 
shape .and size. 

If Ave alloAV that by this means our luminaiy has 
obtained his Avonderful store of high-class energy. Are 
have yet to inquire to Avhat extent this operation is 
going on at the ju’csent motnent. Is it only a thing 
of the, ]mst, or is it a thing also of the present ? I 
think Ave may rojdy that the sun cannot be condensing 
A'eiy fast, at least, AA'lthin historical times. For if the 

* Mayor and VVatersttai seem first to have caught the rudiments of 
this idea. 
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sun were sensibly larger than at j)resent his total eclipse 
by the moon would be impossible. Now, such eclipses 
have taken place, at any rate, for several thousjuuls of years. 
Doubtless a small army of meteors may be falling into 
our luminary, which would b}'' this fall tend to augment 
his heat ; \'et the supply doriv'ed fiom this .source must 
surely be iMsigiiitioant But if the sun be not at present 
condensing so last as to derive any sufiicient heat from this 
j)rocess, ami if his energy be very sparingly recruited 
from without, it necessarily follows that ho is in the 
j)usitioii of a man whose €ev{»enditiirc excee<ls his income. 
He is living upon Ins capital, and is destined to share the 
late of all wlio act in a similar manner. We must, there- 
fore, coiUV'niplate a future j)ej*iod when lie will he poorer 
in energy than ln) is at prcstuit, and a j>eriod still further 
In tlie futui'e v/hen he will altogetlier cease to shine. 

Prohfilde Fate of the Unnu^rf^'e. 

i’09. If this bo the fate of tlie Iiigli temperature 
»'n(*rgy ^>f tlie universe, lt‘t us think for a mmmuit what 
will hap]M'n to its visible energy. We liave sjioken 
already aliout a medium pervading sj>ace, tb<‘ oflioe of 
wdn'ch ap|u*ars to be to degrade and ultiinab ly extinguish 
all diftV-riuitial motion, just as it tends to nsluce and ulti- 
mately eepialize all diflerence of tempeiatine, Thu.s tln^ 
universe Wf>uld ultimately become an <‘fjually lieated 
mass, utterly worthless as far as the production of work 
is conc<jJ 7 ied. since such production depomls upon difler- 
ence of temperature. 
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Although, therefore, in a strictly mechanical sense, 
there is a conservation of energy, yet, as regards rise- 
fulness or fitness for living beings, th (3 energy of the 
universe is in process of deterioration. Universally 
diffused lieat forms what we may call the great waste- 
heap of the universe, and tliLs is growing larger year 
by year. At [uvsent it does not sensildy obtrude itself, 
l»ut wlu) knows tliat the time may not arrive when we 
shall be practically conscious of its gi*owing bigness ? 

210. It will be seen that in this chapter we have re- 
garded the universe, not as a collection of matter, but 
rather as an energetic agent — in fact, as a lamp. Now, it 
has been well })oinled out by Tlioinson, that looked at in 
tlii.s liglit, the universe is a system that had a beginning 
and must l]Lavx‘ an end; for a process of degradation 
cannot l)o etenial If we could view the universe as a 
f‘andle not lit, then it is perhaps conceivable to regard it 
as having been always in existence; but if we rcgai'd it 
rather as a candle that has been lit, we become absolutely 
CiS’tain tliat It cannot have been burning from eternity, 
and that a tiim; will come when it will cease to burn. 
We are led to look to a beginning in which the particles 
of matter were in a dilfuse chaotic state, but endowed 
Avith the power of gravitation, and avo are led to look to 
an en<I in AvJiieh tlio whole universe Avill bo one equally 
heated inert mass, and from whieli everything like life or 
motion or beauty avHI liave utterly gone away. 
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CHAPTER VL 
THE POSITION OF LIFE. 

211. We have hitliorto confiuctl ourselves almost 
entirely to a discussiuii of the laws of energy, as these 
affect inanimate matter, and have taken little or no account 
of the position of life. We have iSfcerr content very nnicli 
to remain spectators of the contest, apparently forgedful 
that we are at all concerned in tlie issue. But the con- 
flict is not one wdiich admits of on-lo«)ker.s, — it is a iini- 
\ersal conflict in wliich we must all taki3 our share. It 
ma}'' not, therefore, be amiss if we ejideavoiir to ascertain, 
as well as we can, our tme i)Ositioru 

Tv.'ofobl nature of Equltlhriurn, 

212. One of our earlitist mechanical lessons \h on the 
twofoM nature of eriiiilibrium. We are told that this 
may be of two kinds, stable and nnstable, and a very 
good illustration of these two kinds is furnished by an 
egg. Let us take a .«inooth level table, and j>!ace an t*gg 
upon it ; we all know in \vljat manner the egg will lie 
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on tlic tal)le. It will remain at rest, that is to say, it 
will 1)0 in equilibrium ; and not only so, but it will be in 
stable equilibrium. To j^rove this, let us trj^ to displace 
it with our finger, and Ave shall find that when we remove 
the pressure the egg will sixjcdily return to its previous 
position, and will come to rest after one or two oscilla- 
tions. Furthermore, it has required a sensible expenditure 
of energy to displace the egg. All this we express by 
saying that the egg is in stable equilibriuia* 

21cch anical I nslah iliiy, 

2l»3. Aiiid now let us irj to balance the egg upon its 
longer axis. Probably, a sullieient ainomit of care will 
enable us to acliieve tligf also. But the operation is a 
difficult f me, and re<|uiros gi’eat delicacy of touch, and even 
after we have succeeded we do not know how long our 
success may last. Tiic slightest iuqnilse from Avithout, the 
merest breath of air, may be suificient to overturn the 
egg, Avhich is noAV most evidently in unstable equilibrium. 
If the egg be thus balanced at the A’ery edge of the table, 
it is quite probable that in a few minutes it may topple 
u\"er 111)011 the floor; it is Avhat avc may call an even 
chatiCG Avlietlier it Avill do so, or merely fall upon the 
table. Not that mere chance has anything to do Avitli 
it, or that itvS movements are Avithout a cause, hut avc 
mean tliat its inoA'Cineuts are decided by some external 
impulse so exceedingly small as to be utterly beyond our 
powers of observatioiL In fact, before making the trial 
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we liave caiviVilly remove*! cverytirm^^ like a current of 
air, or want of level, or exti'inal imjnil.-se of any kind, 
so that wlieii the egg fulls we arc conijdetoly unable to 
assign the origin of the impulse that has caused it to 
do so. 

214. Now, if the egg liuppeus to fall over the table 
upon the Jloor, there is a somewhat consideralde lians- 
mutution of energy ; for the energy of poslti»)ii of the egg, 
due to the height wliieh it occupied on the tahli*, has all 
at onee been change*! into omu-gy <.jf luotioii, in the first 
)>Iace, and into heat in the s*.‘Cond, wlien the egg comes 
into contact witli tlie lloor. 

If, however, the egg liapjiens to fall ui.)OU tlio table, tlie 
transmutation of energy is comparatively small. 

It tluis a[»poar.s that it dei><uuls uiH)n some external 
impulse, *so iuHnitesimally small as to elude our <d>s<‘rva-' 
tion, wht^tlier the i-gg shall hill m^ou the il*»or an*l gi\'e 
rise to a comparatively large transmutation of emogy, or 
wlictlier it sliall iall upon the table and give rise to a 
transmutatiou comparatively small 

Ch.f infCid I itxffi.htf If ij, 

215. Wc thus s*,^e tliat a body, or systmu, in unstable 
equilibrium may become subject to a very consi*]orable 
tran-smutaiion of cnei-gy, arising out (d‘ a very small 
cau.se, or antecedent In the case now mentioned, the 
force is that of gravitation, the aiTungemcnt being one of 
visible ineclianical instability But we may liave a sub- 
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stance, or system, in wliich the force at workisnocgiavity, 
hut clierriical affinity, and tlie siihstance, or system, may, 
under certain peculiar conditions, become chemically 
uvMahle, 

When a snhstance is clicmically unstaTilo, it means 
that the slightest impulse of any kind may deterraine 
a chemical cliange, just as in tlie case of the egg the 
sliglitest impulse from Avithout occcasioned a mechanical 
displacement. 

In line, a substance, or s^'stein, chemically unstable 
hem's a relation to chemical affinity somewliat similar 
to that 'vvliich a mcclianically unstable system bears 
to gravity. Gunpowder is a familiar instance of 
a cbeniically un.staldc sulxstance. Here the slightest 
sj)ark may |)rove tlie preein-sor of a smlden chemical 
cliango, accompanied by the instantaneous and violent 
generation of a vast volume of licated gas. The various 
explo.sive compounds, such as gun-cotton, nitro-glycerine, 
the fulminates, and many more, are all instances of 
structures wliieh are chemically unstable. 

Machines are of two kinds. 

216. Wiien wc .speak of a structure, or a niachmo, or 
a system, we simjdy mean a number of individual par- 
tichi.s associated together in pi'oducing some definite 
result. Tims, the .solar sj^stem, a timepiece, a rifle, are 
examples of inanimate machines; while an animal, a 
human being, an army, arc examples of animated struc- 
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turos or macluncsi. Now, such niacliincs or structures 
are of two kiiuls, wliich difler from one another not 
only in the object sought, hut also in the means of 
attaining that olijcct. 

217, In the tirst place, we have structures or 
machines in wliich systematic action is the object aimed 
at, and in which all tlie arrangeineiits are of a conserva- 
tive nature, tlie element of instability being avoided as 
much as ]) 0 .ssil>le. The solar '^system, a tiino]>iece, a 
steaiii-engine at w<irk, are examples of such machines, 
and the characteristic of all such is their adciflalnlit>f. 
Tlius tlie skilled astronomer can tell, with the utmost 
preci.sion, in what place the moon or the planet Venus 
will be found this time next year. Or again, tlie 
excel Ic*nce of a timepiece consists in its various liands 
[Kiinting accurately in a certain direction after a certain 
interval of time. In like manner we may safely count 
ujjon a steamship inaking so many knots an liour, at 
least wliilo the outward comlitions remain the same. In 
all these case.s we make our calculations, and we arc not 
deceived — the end souglit is regularity of action, and the 
means employed is a stable arrangement of the forces of 
nature. 

218. Now, tlio characteristics of the other class of 
machines are precisely the reverse. 

Here the object aimed at is not a regular, but a sudden 
and violent tran.srnutation of (?nergy, while the ineams 
employed arc unstable arrangements of natural forces. 
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A rifle at full cock, with a delicate hair-trigger, is a very 
good instance of such a machine, where the slightest 
touch from without may bring about the explosion of the 
guii}»owdcr, and tlie propulsion of tlie ball with a very great 
velocity. ow, such machines are eminently characterized 
by their incalculahility. 

2V1 To make our meaning clear, let us suppose that 
two sportsmen go out hunting together, each with a 
good rifle and a good pocket chronometer. After a hard 
day’s w'ork, the one turns to liis cumpanion and says : — 
It is now six o’clock by my watch ; we had better rest 
(Airselves,” upon wliich the other looks at his watch, and 
lie would bo very much surprised and exceedingly 
indignant wuth the maker, if he did not find it six o’clock 
also. Their cln*onomctei\s are evidently in the same state, 
and liave been doing the same tiling; but wdiat about 
their rifles? Cliveu the condition of the one rifle, is it 
]K^s.sibIe Iw any lefinement of calculation to deduce that 
of the other? Wo feel at once that tlie bare supposi- 
tion is ridiculous. 

220. It is thus aj>parcnt that, as regards energj% 
stiTictui’cs are of two kinds. In one of these, the object 
soiiglit is regularity of action, and the means employed, 
a stable arran*o*mciit of natural forces : while in the other, 
the end sought is freedom of action, and a sudden trans- 
inutatiou of energy, the means employed being an un- 
stable arrangement of natural forces. 

The one set of machines are characterized by their 
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avlculability — the oilier l>y their inealculahility. The 
one .set, wlion at work, are not ea.si]y jait wron<j, wliilu 
the otlior sot are ehaiacterized by groat delicacy of con- 
struction. 

Av imal is a (Micaicly-constmcted Machine, 

221. But perliap.s the reader may olyoct to our use of 
the rille as an illustration. 

For altliough it is uudoubtcdl}' a delicatoly-coiivstnicted 
machine, yet a rillo <lo{vs not represent tlic 'same surpass- 
ing delicacy as that, for instance, whieli characU-rizes an 
i'gg balanced on its long<*r a.Kis. Even if at full cock, 
and ^^•itIi a hair trigger, wo may })e perfrctly certain it 
will not go off of its <»wu acconl. Althougli its object is 
to pnKluec a sudden and violent transmutation of energy, 
yet tills rcMjuIiv.s to be jireceded by the a])plicatiou of an 
iiinc)unt (if einM'gy, however small, to the trigger, and if 
this lx‘. not spent upon the ritle, ;t will not go oil! Thcn^ 
is, no doubt, d' licacy of construclinn, but tlii.s lias not 
risen to the liriglit of incaleulabilily, and it is only wlieii 
in the liands <>f the sportsman that it becomes a machine 
upon the ciuniition of which we cannot calculate. 

Now, in making this remark, wo define the jiosition 
of the spoftsmaii himself in the Universe of Energy. 

The rifle is d<*licately constructed, Imt not sur|»a8singly 
so ; but sportsman and rifle, together, f(u*ni a machiiu' 
of surpassing delicacy, enjo the sjiortsman himself ifl 
such a mad line. We thua begin to perceive that a 
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linrnan being, or indeed an animal of any kind, is in 
truth a iJiachlno of a d(‘lieacy that is ]>ractically iidiiiite, 
the comlitioii or motions of which we are utterly unable 
to predict. 

In truth, is there not a transparent absurdity in the 
very tliouglit tliat a man may become able to calculate 
his own movements, or even those f>f his fellow ? 


Life -IS l ike the Cormnaadcr of an Army. 

222. Let us now introduce another analogy lot us 
suppose that a war is l»eiug carried oii ]>y a vast army, 
at the head of Avhidi there is a very great cornrimnder. 
jSow, this couimaiuler knows too well to exjiose his ]i)ei- 
soii ; in tnith, he is never seen hy any of his snhordmates. 
lie ienuiins at work in a well-guardcal room, from whieh 
telegrapliic wires lead to tlio head.iaarters of tlie various 
dii isions. Ido can thus, hy means of these wires, transmit 
Ids orders to the gi-nerals of these divismns, and by «ie 
same means receive hack information as to the condition 

Thus his headiiuarters Ixcomc a^cciitre, into which al 
information is i.oiirod, and out of w^ich all commands are 

*'^Now,that mysterious thing called life, about the nature 

of which we know so little, is prohahly not im uc siici 

a commander. Life is not a hully, 

into the open universe, upsetting the laws 

all directions, hut rather a consummate strategist, who. 
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Sitting in his secret chamber, before his wires, directs the 
inovoinouts of a groat army.* 

223. Lot us next supjiose that our imaginary army is 
in rapid inarcli, and let u.s try to find out the cause of 
this inoN'emeut AVo find that, in tlie first place, orders 
to march have l)een issued to the troops under them by 
tlie commanders of eacli reginumt. In the next place, we 
learn tliat stall* ollicer.s, attached to tljo generals of the 
various divisions, ]ja\'e conveyed tliese orders to the 
regiineiital coiuuianders; and, finally, we learn that the 
onler to maich lias been telegrajiliod from headquarters 
t(.» various generals. 

Deseonding now to ourselw's, it i.s probably somewiiero 
in the mysterious ami well-guardetl brain-chamber tliat 
the delicate rlirectivo touch is giv(*n wduch determines 
our movements. This chamher forms, as it were, the 
headquarters of the general in eommau'], wlio is so wi ll 
witlelrawa as to be absolutely invisible to ail Ids sub- 
ordinates. 

22 b Joule, Cai’iienter, and Mayor were at an (Mirly 
perioii aware of the i t/striction.s under wldcli animals ari; 
placed by tlie laws of energy, and in virtue of whicli tlie 
power of an aniinal, as far a.s energy is concerned, is not 
creative, but only dlivctive. It w’as seen tliat, in order 

• an arti«>Ic on “The Position of Lite,” l)y the author of this 
work, in conjunction with Mr. J. X. Lockyf?r, “ M:K*nulhin’.^ 

September, LSas ; al.-soa leettiru on “TliO Recent Uovclo|)»nenu of Co.s- 
mica] PiiV'icg/' by the ai:t!;ur of this* work. 
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to do work, an animal must lie fed ; and, even at a still 
(.‘arlier ix-riod, Count llumford remarked that a ton of hay 
^v;ill he adjoinistored more economically by feeding a horse 
with it, and then getting Mmrk out of the horse, than by 
Imrning it as fuel in an engine. 

225. In tliis chaiiter, tlie same line of thought has 
hi cn carried out a little furtlier. We liave seen that life 
is asscjciated with delicately-constructed machines, so 
that whenever a transmutation of energy is brought 
about by a living being, could we trace the event back, 
we shf)uM find tliat tht^ physical autecedeut was probably 
a inucli less transimitatir»n, while again the antecedent of 
this would prolialily l:>e fuiiiid still less, and so on, as far 
as we could trac(^ it. 

22(!. But with all tliis, we do not jwetend to have dis- 
covered thc^ true natui'e of life itself, or even the true 
nature of its relation to tlie material universe. 

What we have ventured is the assertion that, as far as 
we can judge, life is always associated with machinery of 
a certain kind, in ^'irtue of which an extremely delicate 
directive touch is ultimately magnified into a very con- 
sideralde ti’ansinutation of energy. Indeed, we can 
liardly imagine the fioedom of motion implied in life 
to exist apart from machinery possessed of very great 
delicacy of consti-uction. 

In fine, we have not succcedc*d in solving the problem 
as to the true nature of life, but have only driven 
the diiliculty into a bordorlaud of thick darkness, into 
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w hich tho Hglit of knowledge has not yot been able to 
]>enetratc. 

Or(j(iniztd Tlssne.'i are subject io Decay, 

227. Wo liayo thus loarned two tilings, for, in the 
first place, wo have learned tliat liiv* is associated with 
delicacy of constnicti<»n, and iji the n<r\t (Art. 220), tli/it 
delicacy of eon.>tnunion iinjilies an unstiil»le arrangement 
t*f natural forces. We have n«>\v to rtMiiark that the 
particular force which is thus used l»y living beings is 
chemical ailinity. <.)ui' Inidics are, in truth, exami)h^s of 
an unsialde arraiigemr'nt of cliomical forces, and the 
materials whieli Cinnp<»sed tliem, if not liabl<? to sudden 
explosion, lik** fulminating p»)W<ler, are yet pre-eminently 
the subjects of <lecay. 

22iS, Now, tliis is move than a mere general statement; 
it is a truth tliat admits of degrees, and in virtue of 
which those parts of our bodies which ha\e, during life, 
the noliiest and most <lu!ieale <jl)iee to perform, arc the 
very lirst to jn/i isli wlum life is extinct. 

I n’r-r tiio oyo <]«*;irh most oxorLs \\h Tnl'.fnt, 

Ari<i I !is!ri ilio from Itor throfti* of lis'tJl ; 

biiit* oro-: in tlioir Io-iilt 
Cut aa yet the charm arounU ?.lio 

So speaks the poet, and we liave lien? an aspect of 
things in whieli the lament of tlie poet become.s the true 
interpretation of natuic. 
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Dijjcvcnce hcivxcn Animals and Inanimate 
Machines. 

221). We are now a]»1e to recognize the difference be- 
tween the relations to energy of a living being, such as 
man, and a machine, such as a stoam-cnginc. 

There are many [joints in common between the two. 
Both require to he fed, and in both there is the transmu- 
tation of the energy of chemical separation implied in 
fuel and food into that of heat and visible motion. 

But while tlie one — the engine — requires for its main- 
tenance only caibon, or some otlier variety of chemical 
sei)aration, the other — the living being — demands to be 
su]>plied with organized tissue. In fact, that delicacy of 
construction Mhicli is so essential to our well-being, is 
not something wliich we can elaborate internally in our 
own franK‘s — all that wo can do is to appropriate and 
assimilate tliat which comes to us from without; it is 
ahvmly pr<.*sent in the food which we eat. 

Ulfivnafc DcjnmdiHicc q/ Life the Sun. 

230. Wc have alrca<ly (Art. 2()3j l»ccii led to recognize 
tluj sun as the ultimate material source of all the energy 
which wo p< assess, and wc must now regard him as the 
soiireo likoNN'iso of all our delicacy of construction. It 
rotjuires the energy of his high temperature rajs so to 
wield and manipulate tlie powerful forces of chemical 
alKnity ; so to balance these various forces against cacii 
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otiior, to produce in the vogotablc somotliintj wliieli 
will iitlbrd our frames, iu)t only energy, but also delicacy 
of construction. 

Low tem|)erature heat would be utterly unable to 
aceoinjjlish this; it consists of etlic'real vibrations which 
are not suliiciently rapid, and of waves tluit are not suili- 
ciently short, for the purpose of slinking asunder the 
constituents of compound molecules. 

231. It thus appears that animals are, in more ways 
tlian one, |»ensioner,s upon the sun’s bounty ; and those 
instances, wliieli at first siglit aiipem* to be excejdions, 
will, if stu<li('d surtieiently, only serve to conlirm the nde. 

Thus the recent researches of Dr. (/arpontm* and Pro- 
fess« 'r \Vy viile Tliomsnn have disclosed to ns the existence 
of minute living beings in the deejiest parts of the ocean, 
into wliich wo may be almost .sure no solar ray can 
l»enetrate. How, then, do these minute creatures obtain 
that energy and delicacy of construction without which 
they cannot live ? in other w^ords, Ihav are, tluy fed ^ 

Now, the same naturalists wlio <iiscovered the exist- 
one-' of thes(‘ creatures, liave recently furnislied us witli 
a very prol>ab]e explanation of the mystery, Tliey thiidc 
it highly prolalde that the whole ocean contains in 
it orgaTiic matter to a very .small but yet perccptil>le 
extent, forming, as tln-y express it, a sort of dilutcil sou|), 
which tlius faecome.s the food of tlicso minute creatures. 

232. In conclusion, wai are dojicndent u]>on the sun and 
centre of our system, not only for the mere energy of our 
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frames, but also for our delicacy of constmction — the 
future of our race depends upon tlie sun’s future. But 
we have seen that the sun must have had a beginning, 
and that he will have an end. 

We are thus induced b> generalize still fuither, and 
regal’d, not only our own system, Init the whole material 
univ<‘rse wlien viewed with resj^ect to servicealde energy, 
as essentially evanescent, and as embracing a succession 
uf physical events which cannot go on for ever as they 
are. 

But here at length we come to matters beyond our 
grasp; for physical scieuce canuot inform us what must 
have been l»ef(»re the beginning, nor yet can it tell us 
what will take place after the end. 
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